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ᅛయ㧗ศゎ⬟ NMR 䜢⏝䛔䛯䝡䝇䝣䜵䝜䞊䝹 A 䛾◊✲
High Resolution NMR Studies of Bisphenol-A Crystals 
ᮏከ㻌 ᑦ
(ᶓ὾ᕷ❧኱Ꮫ኱Ꮫ㝔 ⏕࿨䝘䝜䝅䝇䝔䝮⛉Ꮫ◊✲⛉ )
[ᗎㄽ ]㻌 NMR 䛿㟁Ꮚ≧ែ䛻ᑐᛂ䛧䛯ඹ㬆࿘Ἴᩘ䜢ᣢ䛴䛾䛷䚸ᵓ㐀ゎᯒ䜔≀
ᛶ◊✲䛺䛹䛷ᗈ䛟⏝䛔䜙䜜䛶䛔䜛䚹ᵓ㐀ゎᯒ䛾ሙྜ䚸䛭䛾ከ䛟䛿⁐፹䛻ヨᩱ䜢
⁐ゎ䛥䛫䚸 ᐃ䜢⾜䛳䛶䛔䜛䚹䛭䛾䛯䜑䚸ᚋ㏙䛩䜛ཎᏊ᰾㛫䛾཮ᴟᏊ䠉཮ᴟᏊ
┦஫స⏝䜔໬Ꮫ䝅䝣䝖䛾␗᪉ᛶ䛺䛹⥺ᖜ䛾ཎᅉ䛸䛺䜛┦஫స⏝䛿ศᏊ㐠ື䛻
䜘䜚ᖹᆒ໬䛥䜜䜛䚹୍᪉䚸ᅛయヨᩱ䛾ሙྜ䚸┦஫స⏝䛜ᖹᆒ໬䛥䜜䛺䛔䛯䜑䚸
⥺ᖜ䛾኱䛝䛔䝇䝨䜽䝖䝹䛜ᚓ䜙䜜䜛䚹≉䛻䚸1H ᰾䛿Ᏻᐃྠ఩య䛾୰䛷᭱䜒᰾☢
Ẽ䝰䞊䝯䞁䝖䛜኱䛝䛔䠄ཝᐦ䛻ゝ䛖䛸☢Ẽᅇ㌿ẚ䛜኱䛝䛔䠅䛯䜑䚸1H-1H 㛫཮ᴟ
Ꮚ䠉཮ᴟᏊ┦஫స⏝䛜኱䛝䛟䚸ᵓ㐀ゎᯒ䜔≀ᛶ◊✲䛻⪏䛘䜙䜜䛺䛔䝇䝨䜽䝖
䝹䛧䛛ᚓ䜙䜜䛺䛔䚹䛭䛾䛯䜑䚸ᅛయヨᩱ䛷䜒㧗ศゎ⬟䛺 NMR 䝇䝨䜽䝖䝹䜢ᚓ䜛
䛯䜑䛾ᢏ⾡㛤Ⓨ䛜⾜䜟䜜䚸㏆ᖺ䚸䜘䛖䜔䛟ᅛయヨᩱ䛷䜒 1H NMR 䝇䝨䜽䝖䝹䛜ᚓ
䜙䜜䜛䜘䛖䛻䛺䛳䛯䚹䝝䞊䝗㠃䛾ᢏ⾡㛤Ⓨ䛷䛿䚸㧗㏿ MAS(Magic Angle 
Spinning)ἲ䛜฼⏝䛷䛝䜛䜘䛖䛻䛺䛳䛯Ⅼ䜢ᣲ䛢䜛䛣䛸䛜䛷䛝䜛䚹䝋䝣䝖㠃䛷䛿
CRAMPS ἲ䛺䛹䛾䝟䝹䝇⣔ิ䛾㛤Ⓨ䛜㐍䜣䛰䛣䛸䜢ᣲ䛢䜛䛣䛸䛜䛷䛝䜛䚹䝋䝣䝖
㠃䛾Ⓨ㐩䛻䜘䜚ከ䛟䛾䝟䝹䝇䝥䝻䜾䝷䝮䛜Ⓨ⾲䛥䜜䚸2ḟඖ NMRἲ䛺䛹䜒ྍ⬟䛸
䛺䛳䛯䚹䛭䛾䛯䜑䚸㏆ᖺ䛾 NMR 䛷䛿䚸䛹䛾䝟䝹䝇䝥䝻䜾䝷䝮䜢㑅䜆䛛䚸䛹䜣䛺 
ᐃ᮲௳䛻タᐃ䛩䜛䛛䛺䛹䚸ᇶ♏⌮ㄽ䛸 ᐃᢏ⾡䜒ᚲせ䛸䛺䛳䛶䛝䛶䛔䜛䚹NMR
䛻㛵䛩䜛ከ䛟䛾᭩⡠䛜ฟ∧䛥䜜䛶䛔䜛䛜䚸ᩘᘧ䜢┬␎䛧䛶䛔䜛䜒䛾䛜ከ䛔䛾䛷䚸
䛣䛣䛷䛿䚸NMR  ᐃ䛻ᙳ㡪䛩䜛┦஫స⏝䜔✀䚻䛾 ᐃἲ䛺䛹䚸ᇶᮏཎ⌮䜢グ
䛧䛯ᚋ䚸ᐇ㝿䛻 ᐃ䛧䛯⤖ᯝ䜢♧䛩䚹ලయⓗ䛻䛿䚸䝡䝇䝣䜵䝜䞊䝹 A ⤖ᬗ䛾 1H
HS-MAS NMR 䛸 CRAMPS  ᐃ䛾⤖ᯝ䛚䜘䜃䚸 13C CP/MAS 䚸 13C-1H
FSLG-HETCOR  ᐃ , COSY, HMQC  ᐃ䛾⤖ᯝ䜢♧䛩䚹
㻌 䝡䝇䝣䜵䝜䞊䝹 A (ᅗ 1)䛿䚸䜶䝫䜻䝅
ᶞ⬡䜔䝫䝸䜹䞊䝪䝛䞊䝖䛾ཎᩱ䛺䛹䚸
ᕤᴗⓗ䛻ᗈ䛟⏝䛔䜙䜜䛶䛔䜛䚹㻌 䜎䛯䚸
䛭䛾୍᪉䛷䝡䝇䝣䜵䝜䞊䝹 A 䛿ෆศ
Ἢᨩ஘≀㉁ (⎔ቃ䝩䝹䝰䞁)䛾␲䛔䛜
䛒䜚䚸⏕ែ䛻୚䛘䜛ᙳ㡪䛜ㄪ䜉䜙䜜
䛶䛔䜛䚹䝡䝇䝣䜵䝜䞊䝹 A 䛿䚸✵㛫⩌
P 21/n 䜢䛸䜚䚸3 ✀㢮䛾㠀➼౯䛺ศᏊ
䛜⤖ᬗ୰䛷Ỉ⣲⤖ྜ䝛䝑䝖䝽䞊䜽䜢
ᙧᡂ䛧䛶䛔䜛(ᅗ 2)[1]䚹䛣䜜䜙 3 ✀㢮
䛾㐪䛔䛿䚸2 䛴䛾䝣䜵䝜䞊䝹ᇶ䛜స䜛
׋ ᵏᴾ ἥἋἧỹἠὊἽ ᵟ ỉನᡯᴾ
ᵡᵆᵏᵇᴾ
ᵡᵆᵐᵇᴾ
ᵡᵆᵑᵇᴾ
ᵡᵆᵒᵇᴾ
ᵡᵆᵓᵇᴾ
ᵡᵆᵔᵇᴾ
ᵡᵆᵕᵇᴾ
ᵡᵆᵖᵇᴾ
ᵦᵆᵏᵇᴾ
ᵦᵆᵐᵇᴾ
ᵦᵆᵑᵇᴾ
ᵦᵆᵒᵇᴾ
ᵦᵆᵓᵇᴾ
ᵦᵆᵔᵇᴾ
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2 㠃ゅ䛜䚸䛭䜜䛮䜜 86.9°䚸83.6°䚸79.7°䛸␗䛺䛳䛯್䜢ᣢ䛳䛶䛔䜛Ⅼ䛷䛒䜛䚹䛣
䜜䜙䛾ᵓ㐀䛾㐪䛔䛜䚸ᅛయ 1H MAS NMR  ᐃ䛷䛹䛣䜎䛷༊ู䛷䛝䜛䛾䛛♧䛧䚸
⌧ᅾ䛾ᅛయ NMR 䛾ศゎ⬟䛻䛴䛔䛶䜒䛣䛣䛷䛿㏙䜉䛶䛔䛟䚹
[⌮ㄽ ]㻌 䛣䛣䛷䛿䚸(1)NMR 䛷ほ 䛥䜜䜛┦஫స⏝䚸(2) ᐃἲ䛻㛵䛩䜛⌮ㄽⓗ
⫼ᬒ䜢⡆༢䛻グ䛩䚹䛺䛚䚸ᑟฟ᪉ἲ䛜ཧ⪃ᩥ⊩ [2-7]䛻ヲ⣽䛻グ䛥䜜䛶䛔䜛㒊
ศ䛿⡆␎䛧䛯䚹
(1)NMR 䛷ほ 䛥䜜䜛┦஫స⏝
௒ᅇ䛾ෆᐜ䛻㛵㐃䛧䛶䛔䜛┦஫స⏝䛿䚸௨ୗ䛾 3 䛴䛷䛒䜛䚹
㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 H ൌ H ୞ ൅H ୈୈ ൅ H ୌ ൅ ڮ   (1)
䛴䜎䜚䚸䝊䞊䝬䞁┦஫స⏝ (H Z )䚸཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝ (H DD)䚸໬Ꮫ䝅䝣
䝖(H CS)䛷䛒䜛䚹
䞉䝊䞊䝬䞁┦஫స⏝ H Z
䝊䞊䝬䞁┦஫స⏝䛿☢ሙ䛸☢Ẽ䝰䞊䝯䞁䝖䛾┦஫స⏝䛷䛒䜛䚹㟼☢ሙ B0 ୰䛻
☢Ẽ䝰䞊䝯䞁䝖 ȝ 䜢⨨䛟䛸䚸┦஫స⏝䛾䜶䝛䝹䜼䞊䛿௨ୗ䛾䜘䛖䛻᭩䛝⾲䛩䛣䛸
䛜䛷䛝䜛䚹
ܧ ൌ െࣆ ή ࡮૙    (2)
a b
c
x y
z ᅗ 㻞㻌 䝡䝇䝣䜵䝜䞊
䝹 㻭 䛾⤖ᬗᵓ㐀㻌
㼍 ㍈ᢞᙳᅗ䚹༢఩
᱁Ꮚ 㻠ಶศ䜢ᅗ♧
䛧䛶䛔䜛䚹㻟 ✀㢮䛾
䝡䝇䝣䜵䝜䞊䝹㻭䛿
䜰䝹䝣䜯䝧䝑䝖䛷ศ
䛡䛶䛔䜛䚹䛺䛚䚸ᐇ
⥺䛿Ỉ⣲⤖ྜ䜢
⾲䛩䚹㻌
A
A
A A A 
A A A 
AAAA
A A A A 
B B 
B B 
BB
B B 
B B 
BB
B B 
BB
C C 
C C 
C C 
C C 
C C 
C C 
C C 
C C 
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䛣䛣䛷䚸☢Ẽ䝰䞊䝯䞁䝖䛿䚸᰾䝇䝢䞁㐠ື㔞 I 䛻ẚ౛䛩䜛䛾䛷䚸☢Ẽᅇ㌿ẚ Ȗ 䜢
ẚ౛ᐃᩘ䛸䛧䛯௨ୗ䛾ᘧ䛷᭩䛝⾲䛩䛣䛸䛜䛷䛝䜛䚹
ࣆ ൌ ɀࡵ     (3) 
䛣䜜䜢㔞Ꮚ໬䛩䜛䛸䚸䝊䞊䝬䞁┦஫స⏝䛾䝝䝭䝹䝖䝙䜰䞁䛿䚸㟼☢ሙ䛾᪉ྥ䜢 z
㍈䛻䛸䜛䛸௨ୗ䛾䜘䛖䛻䛺䜛䚹
H୞ ൌ െɀܤ଴I௓    (4) 
䛣䛣䛷䚸1H ᰾䛾䜘䛖䛻᰾䝇䝢䞁䛜 1/2 䛾ሙྜ䚸☢Ẽ㔞Ꮚᩘ m䠙±1/2 㛫䛾㑄⛣䛾
䜶䝛䝹䜼䞊ǻEZ䛿䚸௨ୗ䛾䜘䛖䛻䛺䜛䚹
ȟܧ௓ ൌ ɀ԰ܤ଴ ൌ Ȧ଴԰   (5) 
௒ᅇ⏝䛔䛯⿦⨨䛷䛿䚸1H᰾䛾 NMRඹ㬆࿘Ἴᩘ䛜 600.13 MHz䛷䛒䛳䛯䛾䛷䚸
ǻEZ 䠙 4.0㽢10䠉25 J 䛷䛒䜛䚹NMR 䛿䚸䛣䛾
䜘䛖䛻ᑠ䛥䛺䜶䝛䝹䜼䞊䜢ほ 䛩䜛䛾䛷䚸 
ᐃ䛻䜘䜚ศᏊ䛾㐠ື≧ែ䜔᣺ື≧ែ䜢䜋䛸
䜣䛹ኚ໬䛥䛫䜛䛣䛸䛜䛺䛔䠄 ᗘ䛻᥮⟬䛩䜛
䛸 1 Kᮍ‶䛷䛒䜛䠅䚹䜎䛯䚸௨ୗ䛻㏙䜉䜛┦஫
స⏝䛿䚸䛣䛾䜶䝛䝹䜼䞊䛻ẚ䜉䛥䜙䛻ᑠ䛥䛔
䠄཮ᴟᏊ┦஫స⏝䜔໬Ꮫ䝅䝣䝖䛿䚸䛭䜜䛮䜜
䝊䞊䝬䞁┦஫స⏝䛾 10-6䚸10-6䡚10-3 ⛬ᗘ䠅䛾䛷䚸䝊䞊䝬䞁┦஫స⏝䛾ᦤື㡯
䛸䛧䛶ᢅ䛖䛣䛸䛜䛷䛝䜛䚹
䞉཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝ H  DD
䛣䛾┦஫స⏝䛿䚸䝇䝢䞁㛫䛾┤᥋┦஫స⏝䛸㛫᥋┦஫స⏝䛜䛒䜛䚹㛫᥋┦஫
స⏝䛿䝇䝢䞁䜹䝑䝥䝸䞁䜾┦஫స⏝䛷䛒䜛䚹ᅛయヨᩱ䛷䛿䚸䛣䛾┦஫స⏝䛻䜘䜛
⥺ᖜ䜘䜚䜒┤᥋┦஫స⏝䛾᪉䛜኱䛝䛺⥺ᖜ䜢୚䛘䜛䛾䛷䚸䛣䛣䛷䛿┤᥋┦஫స
⏝䛾䜏䜢ᢅ䛖䚹┤᥋┦஫స⏝䛻䛿᰾䝇䝢䞁䠉᰾䝇䝢䞁㛫䛸᰾䝇䝢䞁䠉㟁Ꮚ䝇䝢
䞁㛫䛾┦஫స⏝䛜䛒䜛䛜䚸ᚋ⪅䛿ᖖ☢ᛶ≀㉁䛾䜘䛖䛻㟁Ꮚ䝇䝢䞁䜢ᣢ䛴⣔䛷䛿
㔜せ䛺┦஫స⏝䛸䛺䜛䛜䚸䝡䝇䝣䜵䝜䞊䝹
A 䛾䜘䛖䛺཯☢ᛶ≀㉁䛷䛿↓ど䛷䛝䜛䚹䛭
䛣䛷䚸䛣䛣䛷䛿᰾䝇䝢䞁㛫䛾཮ᴟᏊ䠉཮ᴟ
Ꮚ┦஫స⏝䛻䛴䛔䛶グ䛩䚹
㻌 ྑᅗ䛾䜘䛖䛻᰾ i 䛸᰾ j 䛜㊥㞳 rij㞳䜜䛶
Ꮡᅾ䛩䜛ሙྜ䚸᰾ i 䛾఩⨨䛻᰾ j 䛜స䜛
☢ሙ䛿䚸᰾ j 䛾☢Ẽ䝰䞊䝯䞁䝖䜢 ȝj䜢⏝䛔
䜛䛸௨ୗ䛾䜘䛖䛻䛺䜛䚹
࡮ ൌ સ ૄೕή࢘௥೔ೕయ ൌ െ
ૄೕ
௥೔ೕయ
൅ ଷ൫ૄೕή࢘൯࢘௥೔ೕఱ    (6) 
䜘䛳䛶䚸ᘧ (2)䜘䜚䚸┦஫స⏝䛾䜶䝛䝹䜼䞊䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
E ୈୈ ൌ െ ଵଶσ ࣆ௜ ή ࡮௝௜ǡ௝ ൌ െ
ଵ
ଶσ ൬
ૄ೔ήૄೕ
௥೔ೕయ
െ ଷሺૄ೔ή࢘ሻ൫ૄೕή࢘൯௥೔ೕఱ ൰௜ǡ௝   (7) 
rij
B 0㸻0    B 0  0
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䛣䛣䛷䚸ᘧ (7)䛿ྠ䛨᰾䜢 2 ᅇ䜹䜴䞁䝖䛧䛶䛔䜛䛾䛷 2 䛷๭䛳䛶䛔䜛䚹䛣䛾ᘧ (7)䛿䚸
ᘧ (3)䛸(4)䜢⏝䛔௨ୗ䛾䜘䛖䛻㔞Ꮚ໬䛩䜛䛣䛸䛜䛷䛝䜛䚹
H ୈୈ ൌ ଵଶσ
Ȗ೔ήȖೕ
௥೔ೕయ
԰ଶሺA +B +C +D +E +F  ሻ௜ǡ௝   (8) 
䛣䛣䛷䚸ᴟᗙᶆ䜢⏝䛔䜛䛸䚸ᘧ (8)䛾 A䡚F 㡯䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
A = ൫ͳ െ ͵ଶș௜௝൯I௜௓I௝௓㻌 㻌 B =െ ଵସ ൫ͳ െ ͵ଶș௜௝൯ൣI௜ାI௝ି ൅ I௜ିI௝ା൧
C  =െ ଷଶ ș௜௝ș௜௝ି୧ம೔ೕൣI௜௭ I௝ା ൅ I௜ାI௝௭ ൧㻌 D  =െ
ଷ
ଶ ș௜௝ș௜௝୧ம೔ೕൣI௜௭ I௝ି ൅ I௜ିI௝௭ ൧
E  =െ ଷସ ଶș௜௝ିଶ୧ம೔ೕI௜ାI௝ା 㻌 㻌 F  =െ
ଷ
ସ ଶș௜௝ଶ୧ம೔ೕI௜ିI௝ି  (9) 
䛣䛣䛷䚸ș ij䛿䚸᰾ i 䛸᰾ j 䜢⤖䜆䝧䜽䝖䝹 rij 䛸
㟼☢ሙ (z ㍈ )᪉ྥ䛜䛺䛩ゅ䛷䚸ĳij䛿 rij䜢 xy
ᖹ㠃䛻ᢞᙳ䛧䛯䝧䜽䝖䝹䛸 x ㍈䛜䛺䛩ゅ䛷䛒
䜛䠄ྑᅗ䠅䚹ᘧ (9)䛻ྵ䜎䜜䜛 I ±䛿᪼㝆₇⟬Ꮚ
䛷䛒䜛䚹䛴䜎䜚䚸C䡚F 䛾㡯䛿䚸䜶䝛䝹䜼䞊஺
᥮䛜క䛖䚹཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䛿䝊䞊
䝬䞁┦஫స⏝䛾ᦤື㡯䛺䛾䛷䚸䝊䞊䝬䞁䝝
䝭䝹䝖䝙䜰䞁䛸ྍ᥮䛺㡯௨እ䛿↓ど䛩䜛䛣䛸
䛜䛷䛝䜛䚹䛣䛣䛷䚸H Z 䛿ᘧ (4)䜘䜚䚸Iz 䛾ᡂศ
䜢ᣢ䛴䛾䛷䚸A䡚F䛾୰䛷䚸ྍ᥮䛺ᡂศ䛿䚸i 䛸 j䛜␗✀᰾䛾ሙྜ䚸A㡯䛾䜏䛷䚸
i 䛸 j 䛜ྠ✀᰾䛾ሙྜ䛿䚸A䠇B 㡯䛷䛒䜛䚹䜘䛳䛶䚸NMR 䛷ほ 䛥䜜䜛཮ᴟᏊ䠉
཮ᴟᏊ┦஫స⏝䛿௨ୗ䛾䜘䛖䛻᭩䛟䛣䛸䛜䛷䛝䜛䚹
H ୈୈ ൌ ଵଶσ
Ȗ೔ήȖೕ
௥೔ೕయ
԰ଶ ൫ͳ െ ͵ଶș௜௝൯I௜௓I௝௓௜ǡ௝ 㻌    (10)
H ୈୈ ൌ ଵସσ
Ȗమ
௥೔ೕయ
԰ଶ ൫ͳ െ ͵ଶș௜௝൯൫͵I௜௓I௝௓ െ I࢏ ή I࢐൯௜ǡ௝ 㻌 (11)
䛣䛣䛷䚸ᘧ (10)䛿␗✀᰾㛫䛾཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䜢⾲䛧䚸ᘧ (11)䛿ྠ✀
᰾㛫䛾┦஫స⏝䜢♧䛩䚹ᅛయ䛾ሙྜ䚸ș 䛻ศᕸ䛜䛒䜛䛯䜑䚸⥺ᖜ䛜ᗈ䛜䜛䚹䛣
䛾ᗈ䛜䜚䛜䚸ᅛయ NMR  ᐃ䜢పศゎ⬟䛺䜒䛾䛻䛧䛶䛔䜛䚹⁐ᾮ䛾ሙྜ䚸ศᏊ
㐠ື䛻䜘䜚䚸(1-3cos2ș)䛜ᖹᆒ໬䛥䜜䚸0 䛸䛺䜛䛯䜑䚸ඛ㗦䛺ಙྕ䛜ᚓ䜙䜜䜛䚹䛴
䜎䜚䚸ᅛయ䛷䜒䛣䛾㡯䛜 0 䛻䛺䜜䜀䚸㧗ศゎ⬟ NMR 䝇䝨䜽䝖䝹䛜ᚓ䜙䜜䜛䚹
1-3cos2ș䠙0 䛸䛺䜛 ș 䛿⡆༢䛻ィ⟬䛷䛝䚸54.7 °䛷䛒䜛䚹䛴䜎䜚䚸㟼☢ሙ䛻ᑐ䛧䚸
䝇䝢䞁㛫䜢⤖䜆䝧䜽䝖䝹䛜䛩䜉䛶 54.7 °䛻䛺䜜䜀䚸཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䛿
0 䛸䛺䜛䚹䛭䛣䛷䚸ヨᩱ䜢㟼☢ሙ䛻ᑐ䛧䛶ゅᗘ Į ഴ䛡䛶䚸䛭䛾㍈࿘䜚䛻 Ȧ 䛷ᅇ㌿
䛥䛫䛯ሙྜ䜢⪃䛘䜛䚹䛩䜛䛸䚸Legendre ከ㡯ᘧ䛾ຍἲᐃ⌮䜢⏝䛔䜛䛸 3cos2ș-1
䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
͵ଶɅ െ ͳ ൌ ଵଶ ሺ͵ଶȽ െ ͳሻሺ͵ଶȾ െ ͳሻ ൅
ଷ
ଶ ʹȽʹȾɘݐ ൅
ଷ
ଶ ଶȽଶȾʹɘݐ (12) 
B0
x
ȟ
y
ȭ
rij
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䛣䛣䛷䚸ȕ䛿MAS䛾ᅇ㌿㍈䛸 r䛾䛺䛩ゅ䛷䛒䜛䚹ᘧ (12)䛷䚸Į=54.7 °䛻䛩䜛䛸➨ 1
㡯䛜 0 䛸䛺䜛䚹䜎䛯䚸Ȧ䛜཮ᴟᏊ┦஫స⏝䛾⥺ᖜ䜘䜚༑ศ኱䛝䛟䛺䜛䛸䚸➨ 2㡯䛸
➨ 3㡯䜒 0 䛸䛺䜛䚹䛴䜎䜚䚸MASἲ䛷䛿䚸䛭䛾ᅇ㌿㏿ᗘ䛜㔜せ䛸䛺䜛䚹1H᰾䛾ሙ
ྜ䚸1H-1H㛫䛾཮ᴟᏊ┦஫స⏝䛻䜘䜛⥺ᖜ䛿 20䡚50 kHz䛷䛒䜛䛾䛷䚸100 kHz
௨ୖ䛾 MAS ㏿ᗘ䛜ᚲせ䛸䛺䜛䚹௒ᅇ⏝䛔䛯⿦⨨䛷䛿 35 kHz 䛜㝈⏺䛺䛾䛷䚸
⁐ᾮ䛾䜘䛖䛺⥺ᖜ䛿ᮇᚅ䛷䛝䛺䛔䛜䚸䛣䜜䜎䛷ከ䛟䛾ᅛయ⿦⨨䛷⏝䛔䜙䜜䛶䛝䛯
MAS ㏿ᗘ䛜 10 kHz ᮍ‶䛷䛒䛳䛯䛣䛸䜢⪃䛘䜛䛸䚸኱䛝䛺 MAS ຠᯝ䛜ᮇᚅ䛷䛝
䜛䚹䜎䛯䚸ᘧ (11)䛾䝖䝺䞊䝇䠄⾜ิ䛾ᑐゅᡂศ䛾࿴䠅䛜 0 䛷䛒䜛䛣䛸䛛䜙䚸཮ᴟᏊ
䠉཮ᴟᏊ┦஫స⏝䛿䚸⥺ᖜ䛰䛡䛻ᐤ୚䛧࿘Ἴᩘ䝅䝣䝖䜢୚䛘䛺䛔䛣䛸䛜ศ䛛
䜛䚹
䞉໬Ꮫ䝅䝣䝖䛾␗᪉ᛶ H  CS
໬Ꮫ䝅䝣䝖䛿䚸㟁Ꮚ䛻䜘䜛☢ሙ䛾㐽ⶸ䜢⾲䛩䚹㟁Ꮚ䛾㉁㔞䜢 m 䛸䛩䜛䛸䚸䛭䛾㐠
ື㔞䛿☢ሙ୰䛷௨ୗ䛾䜘䛖䛻䛺䜛䚹
࢖ ൌ ݉࢜ ൅ ݁࡭     (13)
䛣䛣䛷䚸A 䛿䝧䜽䝖䝹䝫䝔䞁䝅䝱䝹䛷䚸
࡮ ൌ સ ൈ ࡭㻌     (14)
䛸䛔䛖㛵ಀ䛜ᡂ䜚❧䛴䚹䝇䜹䝷䞊䝫䝔䞁䝅䝱䝹䜢 V 䛸䛚䛟䛸䚸䝝䝭䝹䝖䝙䜰䞁䛿
㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 H ୌ ൌ ଵଶ௠ ሺ࢖ െ ࡭ሻ ή ሺ࢖ െ ݁࡭ሻ ൅ ܸ 㻌 (15)䚹
䛣䛣䛷䚸☢ሙ䛾㉳※䛸䛧䛶㟼☢ሙ䛸ཎᏊ᰾䛜⪃䛘䜙䜜䜛䚹䛭䛣䛷䚸䝧䜽䝖䝹䝫䝔䞁
䝅䝱䝹䜢A0䛸A1䛾࿴䛸䛧䚸䛭䜜䛮䜜㟼☢ሙ䚸ཎᏊ᰾㉳※䛸⨨䛟䚹ᘧ (18)䜢ᒎ㛤䛧䚸
ᦤືㄽ䜢⏝䛔䜛䛸䚸௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 H ୌ ൌ ߛI·ı࡮଴ 㻌     (16)
䛣䛣䛷䚸㐽ⶸ䝔䞁䝋䝹 ı 䛾ྛᡂศ䛿௨ୗ䛾䜘䛖䛻᭩䛟䛣䛸䛜䛷䛝䜛䚹
ɐ௭௭ ൌ䠉 ௘
మ
ଶ௠ ۃͲ ቚ
௫మା௬మ
ȁ௥ȁయ ቚ Ͳۄ ൅
௘మ
ଶ௠σ ቄ
ۃ଴ȁL೥ȁ௡ۄ
ா೙ିாబ
ۃ݊ ቚ L೥ȁ௥ȁయቚ Ͳۄ ൅ ۃͲ ቚ
L೥
ȁ௥ȁయቚ ݊ۄ
ۃ௡ȁL೥ȁ଴ۄ
ா೙ିாబ ቅ௡ 㻌
ɐ௭୶ ൌ䠉 ௘
మ
ଶ௠ ۃͲ ቚ
௭௫
ȁ௥ȁయቚ Ͳۄ ൅
௘మ
ଶ௠σ ቄ
ۃ଴ȁL೥ȁ௡ۄ
ா೙ିாబ
ۃ݊ ቚ Lೣȁ௥ȁయቚ Ͳۄ ൅ ۃͲ ቚ
L೥
ȁ௥ȁయቚ ݊ۄ
ۃ௡ȁLೣȁ଴ۄ
ா೙ିாబ ቅ௡ 㻌
ɐ௭௬ ൌ䠉 ௘
మ
ଶ௠ ۃͲ ቚ
௭௬
ȁ௥ȁయቚ Ͳۄ ൅
௘మ
ଶ௠σ ቄ
ۃ଴ȁL೥ȁ௡ۄ
ா೙ିாబ
ۃ݊ ቚ L೤ȁ௥ȁయቚ Ͳۄ ൅ ۃͲ ቚ
L೥
ȁ௥ȁయቚ ݊ۄ
ۃ௡ȁL೤ȁ଴ۄ
ா೙ିாబ ቅ௡ 㻌 (17)
䛣䛣䛷䚸L 䛿㟁Ꮚ䛻ᑐ䛩䜛㌶㐨ゅ㐠ື㔞₇⟬Ꮚ䛷䚸En 䛸 E0 䛿䚸䛭䜜䛮䜜ບ㉳
≧ែ䛸ᇶᗏ≧ែ䛾䜶䝛䝹䜼䞊‽఩䛷䛒䜛䚹䜎䛯䚸ıxx 䛸 ıyy䛿➨ 1 ᘧ䛾➨ 1 㡯䛾
x2+y2䜢 y2+z2䚸z2+x2䛻䚸➨ 2㡯䛾 z䜢 x, y䛻䛛䛘䜛䛣䛸䛷ᚓ䜙䜜䜛䚹䜎䛯䚸ızx䠙ıxz
䛷䛒䜚䚸ıxy䛿䚸➨ 3ᘧ䛾 z 䜢 x 䛻䛩䜜䜀ᚓ䜙䜜䜛䚹ᘧ (17)䛛䜙䚸໬Ꮫ䝅䝣䝖䛿䚸㟁
Ꮚᐦᗘ䛻㛵ಀ䛧䛶䛔䜛䛣䛸䛜ศ䛛䜛䚹䜎䛯䚸ᇶᗏ≧ែ䛾ᐤ୚䠄཯☢ᛶ㡯䠅䛸ບ㉳
≧ែ䛾ᐤ୚䠄ᖖ☢ᛶ㡯䠅䛾࿴䛷⾲䛥䜜䜛䛜䚸䛣䜜䜙䛾㡯䛾➢ྕ䛜␗䛺䜛䛣䛸䛻ὀ
ព䛩䜛ᚲせ䛜䛒䜛䚹౛䛘䜀䚸Ỉ⣲䛾ሙྜ䚸ບ㉳≧ែ䛸ᇶᗏ≧ែ䛾䜶䝛䝹䜼䞊ᕪ
䛿Ⅳ⣲䛺䛹䛻ẚ䜉኱䛝䛔䛾䛷䚸཯☢ᛶ㡯䛾ᐤ୚䛜୺䛸䛺䜛䚹䛭䛾䛯䜑䚸⎔㟁ὶ
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䛺䛹䛾ᐤ୚䜢㝖䛟䛸䚸ඹ㬆࿘Ἴᩘ䛿㟁Ꮚᐦᗘ䛜ᑠ䛥䛔䜋䛹኱䛝䛟䛺䜛䛣䛸䛜ศ䛛
䜛䠄㈇䛾➢ྕ䛜䛴䛔䛶䛔䜛䛯䜑䠅䚹୍᪉䚸㔜ཎᏊ䛻䛺䜛䛸ᖖ☢ᛶ㡯䛾ᐤ୚䛜኱䛝
䛟䛺䜛䛾䛷䚸Ỉ⣲䛾ሙྜ䛸ഴྥ䛜㏫㌿䛩䜛ሙྜ䜒䛒䜛䚹
㻌 ᘧ (17)䛿㟼☢ሙ䜢 z ㍈䛻䛸䜛䛸䚸௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 㻌 㻌 㻌 㻌 㻌 H ୌ ൌ ɀ൫I௫ǡ  I௬ǡ  I௭൯൮
ɐ௫௫୪ୟୠ ɐ௫௬୪ୟୠ ɐ௫௭୪ୟୠ
ɐ௬௫୪ୟୠ ɐ௬௬୪ୟୠ ɐ௬௭୪ୟୠ
ɐ௭௫୪ୟୠ ɐ௭௬୪ୟୠ ɐ௭௭୪ୟୠ
൲൭
Ͳ
Ͳ
ܤ଴
൱    (18) 
䛣䛣䛷䚸໬Ꮫ䝅䝣䝖䛾㡯䜒䚸䝊䞊䝬䞁┦஫స⏝䛸ྍ᥮䛺㡯䛾䜏⪃䛘䜜䜀䜘䛔䛾䛷䚸
ᘧ (18)䛿䚸௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 㻌 㻌 㻌 㻌 㻌 H ୌ ൌ ɀɐ௭௭୪ୟୠܤ଴ I௭㻌     (19)
䛣䛣䛷䚸໬Ꮫ䝅䝣䝖䛾୺㍈⣔䜢⏝䛔䚸ᐇ㦂ᐊ⣔䛾 ızz 䜢⾲䛩䛸䚸௨ୗ䛾ᘧ䛜ᚓ䜙
䜜䜛䚹䛺䛚䚸ș 䛸 ĳ 䛿㟼☢ሙ䛸୺㍈⣔䛾䛺䛩ゅᗘ䛷䛒䜛䚹
㻌 㻌 H ୌ ൌ ɀ ቀɐ௫௫୮ୟ୤ଶɅଶԄ ൅ ɐ௬௬୮ୟ୤ଶɅଶԄ ൅ ɐ௭௭୮ୟ୤ଶɅቁܤ଴ I௭ (20)
䛣䛾ᘧ䛷⾲䛥䜜䜛䜘䛖䛻䚸ᅛయヨᩱ䛾ሙྜ䚸୺㍈⣔䛾 ı 䛾኱䛝䛥䛻䜘䜚䚸䝇䝨䜽䝖
䝹䛾⥺ᖜ䜔⥺ᙧ䛜␗䛺䜛䛜䚸௒ᅇ䛾䜘䛖䛻 MAS  ᐃ䜢⾜䛖䛸䚸໬Ꮫ䝅䝣䝖䛾␗
᪉ᛶ䛻䜘䜛⥺ᖜ䛿ほ 䛥䜜䛺䛔䚹䛣䛣䛷䛿䚸䛭䛾 MAS 䛾ຠᯝ䜢グ䛩䚹
㻌 㟼☢ሙ (z ㍈ )䛛䜙 Į ഴ䛔䛯㍈࿘䜚䛷ヨᩱ䜢ᅇ㌿䛥䛫䜛䛸䚸ĳ 䛿ᖹᆒ໬䛥䜜
㻌 ଶԄതതതതതതതത ൌ ଵଶ஠ ׬ ଶԄԄ ൌ
ଵ
ଶ 㻌 㻌 㻌 㻌
ଶ஠
଴ 㻌 ÇଶԄതതതതതതത ൌ
ଵ
ଶ஠ ׬ ଶԄԄ ൌ
ଵ
ଶ
ଶ஠
଴   (21) 
䛸䛺䜛䚹䜘䛳䛶䚸ᘧ (20)䛿䚸௨ୗ䛾䜘䛖䛻᭩䛟䛣䛸䛜䛷䛝䜛䚹
H ୌ ൌ ଵଷ ɀ ቀɐ௫௫
୮ୟ୤ ൅ ɐ௬௬୮ୟ୤ ൅ ɐ௭௭୮ୟ୤ቁ ܤ଴ I௭ ൅ ଵ଺ ɀሺͳ െ ͵ଶɅሻ ቀɐ௫௫
୮ୟ୤ ൅ ɐ௬௬୮ୟ୤ െ ʹɐ௭௭୮ୟ୤ቁ ܤ଴ I௭㻌 (22)
䛣䛣䛷䚸➨ 1㡯䛿䚸ゅᗘ ș䛻౫Ꮡ䛧䛺䛔䛾䛷䚸➼᪉ᛶ໬Ꮫ䝅䝣䝖䛸࿧䜀䜜䜛䚹➨ 2
㡯䛿 ș 䛻౫Ꮡ䛩䜛䛾䛷⥺ᖜ䛾㡯䜢ྵ䜏䚸໬Ꮫ䝅䝣䝖䛾␗᪉ᛶ䛸࿧䜀䜜䛶䛔䜛䚹
⁐ᾮ䛾ሙྜ䚸ศᏊ㐠ື䛻䜘䜚➨ 2㡯䛜ᖹᆒ໬䛥䜜 0 䛸䛺䜛䛾䛷䚸໬Ꮫ䝅䝣䝖䛾␗
᪉ᛶ䛻䜘䜛⥺ᖜ䛿ほ 䛥䜜䛪䚸➼᪉್䛾䜏䛜ᚓ䜙䜜䜛䚹ᅛయヨᩱ䛾ሙྜ䚸
(1-3cos2ș)䛾㡯䛿䚸཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䛾ᡤ䛷グ䛧䛯 MAS ἲ䜢⏝䛔䜛䛣
䛸䛷 0 䛸䛩䜛䛣䛸䛜䛷䛝䜛䚹཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䛾ሙྜ䛸␗䛺䜛䛾䛿䚸1H᰾
䛾໬Ꮫ䝅䝣䝖䛾␗᪉ᛶ䛜ᑠ䛥䛔䛣䛸䛷䛒䜛䚹䛣䜜䛿☢ሙ䛜䛺䛔ሙྜ䚸s ㌶㐨䛿㌶
㐨ゅ㐠ື㔞䜢ᣢ䛯䛺䛔䛣䛸䛛䜙⌮ゎ䛷䛝䜛䚹䛭䛾䛯䜑䚸཮ᴟᏊ䠉཮ᴟᏊ┦஫స
⏝䛸䛿␗䛺䜚䚸ᩘ kHz䛾MAS㏿ᗘ䛷໬Ꮫ䝅䝣䝖䛾␗᪉ᛶ䛻䜘䜛⥺ᖜ䛿 0䛻䛩䜛
䛣䛸䛜䛷䛝䜛䚹୍᪉䚸13C ᰾䛾ሙྜ䚸p 㟁Ꮚ䜢ᣢ䛴䛾䛷䚸␗᪉ᛶ䛾ᐤ୚䛿኱䛝䛔䚹
MAS 䛾ᅇ㌿ᩘ䛜⥺ᖜ䜘䜚䜒ᑠ䛥䛔ሙྜ䚸䝇䝢䝙䞁䜾䝃䜲䝗䝞䞁䝗䛸࿧䜀䜜䜛䝢䞊
䜽䛜ほ 䛥䜜䜛䛾䛷䚸13C᰾䛾 ᐃ䜢⾜䛖䛻䛿䚸MAS 䛾ᅇ㌿㏿ᗘ䜢኱䛝䛟䛩䜛ᚲ
せ䛜䛒䜛䚹䛭䛾䛯䜑䚸௒ᅇ䛿 12 kHz 䛾 MAS ㏿ᗘ䛷 13C ᰾䛾 ᐃ䜢⾜䛳䛯䚹
固体高分解能NMRを用いたビスフェノール Aの研究
77
(2) ᐃἲ
䞉஺ᕪศᴟ (CP)ἲ䛸 RAMP 䝟䝹䝇
NMR 䛿ಙྕᙉᗘ䛜ᙅ䛔䛾䛷䚸䝟䝹䝇↷ᑕᚋ䛾⮬⏤ㄏᑟῶ⾶ (FID)ಙྕ䜢ᩘ
༑䡚ᩘ୓ᅇ ᐃ䛧䚸䛭䜜䜢✚⟬䛩䜛䛣䛸䛷䚸S/N ẚ䛾Ⰻ䛔䝇䝨䜽䝖䝹䜢ᚓ䜛䚹1H
᰾䛾䜘䛖䛻ኳ↛Ꮡᅾẚ䛜 99 %䛾᰾䛿ಙྕᙉᗘ䛜኱䛝䛔䛾䛷䚸✚⟬ᅇᩘ䛜ᑡ䛺
䛟䛶῭䜐䚹䛥䜙䛻䚸⦆࿴ຠ⋡䛜Ⰻ䛔䛾䛷䚸⦆࿴᫬㛫䛜▷䛟䚸▷᫬㛫䛷 S/N ẚ䛾
Ⰻ䛔䝇䝨䜽䝖䝹䜢ᚓ䜛䛣䛸䛜䛷䛝䜛䚹୍᪉䚸13C ᰾䛿ኳ↛Ꮡᅾẚ䛜 1 %⛬ᗘ䛺䛾
䛷䚸✚⟬ᅇᩘ䜢ከ䛟䛸䜛ᚲせ䛜䛒䜛䚹䜎䛯䚸⦆࿴ຠ⋡䛜ᝏ䛔䛾䛷 ᐃ䛻᫬㛫䛜
䛛䛛䜛䚹1H 䛾☢໬䜢 13C 䛻⛣䛩䛣䛸䛜䛷䛝䛯䜙䚸▷᫬㛫䛷 S/N ẚ䛾Ⰻ䛔 13C
NMR 䝇䝨䜽䝖䝹䜢ᚓ䜛䛣䛸䛜䛷䛝䜛䛜䚸ᐇ㦂ᗙᶆ⣔䛷䛿ᅔ㞴䛷䛒䜛䚹1H 䛸 13C 㛫
䛷䚸☢໬䜢⛣ື䛥䛫䜛䛻䛿䚸୧
⪅䛾䜶䝛䝹䜼䞊ᕪ (1/2ĺ䠉1/2
㑄⛣䛾䜶䝛䝹䜼䞊ᕪ )䛜➼䛧䛟䛺
䛡䜜䜀䛺䜙䛺䛔䚹䛭䛣䛷䚸ඹ㬆࿘
Ἴᩘ䛸ྠ䛨㏿ᗘ䛷ᅇ㌿䛩䜛ᗙ
ᶆ⣔䛻⛣䜛䠄ᐇ㝿䛾⿦⨨䛷䛿᳨
ฟ᫬䛻ඹ㬆࿘Ἴᩘᡂศ䜢ᘬ䛟
䛣䛸䛷ᐇ⌧䛷䛝䜛䠅䚹䛣䛾ᅇ㌿ᗙ
ᶆ⣔䛷䛿䚸㟼☢ሙ B0 䛿ᾘ䛘䜛
䛾䛷䚸☢໬䜢ᢅ䛔䜔䛩䛟䛺䜛䚹䛣
䛾ᗙᶆ⣔䛷☢໬䜢 xy ᖹ㠃䛻ಽ
䛧䚸ಽ䜜䛯᪉ྥ䛻䝷䝆䜸Ἴ☢ሙ
B1H 䜢䛛䛡䚸䝇䝢䞁䜢䝻䝑䜽䛩䜛䚹
ḟ䛻 13C ᰾䛻䜒☢ሙ B13C 䜢
Ȗ1HB1H䠙Ȗ13CB13C 䛾᮲௳䜢‶䛯
䛩䜘 䛖䛻䛛䛡䜛 䚹 䛣䛾᮲ ௳ 䛿
Hartmann-Hahn᮲௳䛸࿧䜀䜜䜛䚹
䛣䛾᮲௳䜢‶䛯䛩䛸䛝䚸୧⪅䛾
䜶䝛䝹䜼䞊ᕪ䛜➼䛧䛟䛺䜚䚸 1H
᰾䛾☢໬䛜 13C ᰾䛻⛣䜛䚹䛣䜜
䜢஺ᕪศᴟ (CP)ἲ䛸䛔䛔䚸MAS
ἲ䛸䛒䜟䛫䛶䚸CP/MAS 䛸グ䛩䚹CP ἲ䛿 1H ᰾䛜⦆࿴䛩䜜䜀䚸☢໬䜢 13C ᰾䛻
⛣䛫䜛䛾䛷䚸 ᐃ᫬㛫䛿䚸1H ᰾䛾⦆࿴᫬㛫䛻౫Ꮡ䛩䜛䜘䛖䛻䛺䜛䚹䛥䜙䛻䚸CP
ἲ䛷䛿ಙྕᙉᗘ䛜䝁䞁䝍䜽䝖䝟䝹䝇䛾᫬㛫䛻౫Ꮡ䛩䜛䛾䛷䚸䝁䞁䝍䜽䝖䝍䜲䝮䜢㛗
䛟䛩䜛䛸䚸㐲᪉䛾 1H ᰾䛛䜙☢໬䜢⛣ື䛥䛫䜛䛣䛸䛜䛷䛝䜛䚹䛴䜎䜚䚸䝁䞁䝍䜽䝖䝍䜲
䝮䜢ኚᩘ䛸䛧ಙྕᙉᗘ䜢 ᐃ䛩䜛䛸 C-H ㊥㞳䛻㛵䛩䜛᝟ሗ䛜ᚓ䜙䜜䜛䚹䛣䜜䛿䚸
2 ḟඖ ᐃ䛾ᇶ♏䛸䛺䜛⪃䛘᪉䛷䛒䜛䚹CP ἲ䛷䚸ୖグ䛾 Hartmann-Hahn 䛾᮲
௳䛜ᡂ䜚❧䛴䛾䛿䚸MAS ㏿ᗘ䛜ప㏿䛾ሙྜ䛷䛒䜛䚹MAS ㏿ᗘ䛜኱䛝䛔ሙྜ䚸
ᐇ㦂ᐊ⣔ ᐇ㦂ᐊ⣔
13C ᰾1H ᰾
ᅇ㌿ᗙᶆ⣔
1H ᰾
1H ᰾
13C ᰾
13C ᰾
CP DC 
CP
CP DC 
RAMP
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CP ᮲௳䛿䚸Ȗ1HB1H䠇nȦr䠙Ȗ13CB13C 䛸䛺䜛䚹䛣䛣䛷䚸n䠙0, ±1, ±2, 䡡䡡䡡䛷䛒䜚䚸Ȧr
䛿MAS䛾ᅇ㌿㏿ᗘ䛷䛒䜛䚹MAS㏿ᗘ䛜኱䛝䛟䛺䜛䛸䚸n䠙±1, ±2䚸䛴䜎䜚䚸䝃䜲䝗
䝞䞁䝗䛸䝬䝑䝏䞁䜾䛩䜛䜘䛖䛻䛺䜛䚹CP 䛾᮲௳䛿䚸䝟䝹䝇䝟䝽䞊䛻ᩄឤ䛺䛾䛷䚸䝁
䞁䝍䜽䝖䝟䝹䝇䛾䝟䝽䞊䜢᫬㛫䛸ඹ䛻ኚ໬䛥䛫䜛 RAMP[8]ἲ䛜㧗㏿ MASἲ䛷䛿
᭷ຠ䛻䛺䜛䚹RAMP 䝟䝹䝇䛷䛿䚸䝟䝹䝇䝟䝽䞊䜢┤⥺ⓗ䛻ኚ໬䛥䛫䚸ᩘ kHz 䛾
࿘Ἴᩘᖜ䜢䜹䝞䞊䛩䜛䛣䛸䛜䛷䛝䜛䚹䛣䛾䝟䝹䝇䜢⏝䛔䜛䛣䛸䛻䜘䜚䚸䝟䝹䝇୰䛾
䛒䜛Ⅼ䛷䚸CP ᮲௳䛜‶䛯䛥䜜䚸ศᴟ⛣ື䜢㉳䛣䛩䛣䛸䛜䛷䛝䜛䚹ᮏ◊✲䛷䛿 12 
kHz 䛾 MAS ㏿ᗘ䛷 ᐃ䛩䜛䛸䛝䛿䚸RAMP 䝟䝹䝇䜢⏝䛔䛯䚹䛺䛚䚸ᅗ୰䛾 DC
䛿䝕䜹䝑䝥䝹䜢ព࿡䛧䛶䛔䜛䚹
㻌 䝕䜹䝑䝥䝹䛸䛿䚸13C ᰾䛾 FID 䜢ྲྀ䜚㎸䜐㝿䚸1H ᰾䛛䜙䛾཮ᴟᏊ┦஫స⏝䜢
ᢚ䛘䜛䛯䜑䛻 1H ᰾䛾☢໬䛻䝟䝹䝇䜢↷ᑕ䛧䛶䚸ᖹᆒ໬䛩䜛䛣䛸䛷䛒䜛䚹䝕䜹䝑䝥
䝹䝟䝹䝇䛻䛿 cw ἲ䛸 tppm ἲ䛜䛒䜛䚹๓⪅䛿䚸Continuous Wave 䛾␎䛷䚸2ʌ 䝟
䝹䝇䜢ྠ఩┦䛷㟼☢ሙ䛻ᆶ┤䛺᪉ྥ (x ㍈ )䛛䜙㐃⥆ⓗ䛻↷ᑕ䛩䜛᪉ἲ䛷䛒䜛䚹
䛣䜜䛻䜘䜚䚸㟼☢ሙ᪉ྥ (z ㍈ )䜢ྥ䛔䛶䛔䜛 1H ᰾䛾☢໬䜢 yz ᖹ㠃䛷ᅇ㌿䛥䛫䚸
䛭䛾ᖹᆒ್䜢 0 䛻䛩䜛᪉ἲ䛷䛒䜛䚹䛧䛛䛧䚸┦஫స⏝䛜䛒䜛ሙྜ䛿䚸㟼☢ሙ䜢
᏶඲䛻ᾘ䛩ᅇ㌿ᗙᶆ⣔䛻஌䜛䛣䛸䛜ᅔ㞴䛺䛯䜑䚸䝷䝆䜸Ἴ䜢↷ᑕ䛧䛯 x ㍈࿘䜚
䛷䛿䛺䛟䚸z㍈䛾ṧ␃☢ሙ䛸 x㍈䛾䝷䝆䜸Ἴ䛻䜘䜛☢ሙ䝧䜽䝖䝹䛾࿴䛾᪉ྥ (᭷ຠ
☢ሙ )䜢୰ᚰ䛻☢໬䛜ᅇ㌿䛩䜛䚹䛣䛾ሙྜ䚸㟼☢ሙ䛸᭷ຠ☢ሙ䛾䛺䛩ゅ䜢 ș 䛸
䛩䜛䛸䚸cosș 䛻ẚ౛䛧䛯☢໬䛜 z ㍈䛻ṧ䜛䛣䛸䛻䛺䜚䚸䝕䜹䝑䝥䝹䛜୙༑ศ䛸䛺䜛䚹
䛭䛣䛷䚸1995ᖺ䛻 tppmἲ䛜ᥦ᱌䛥䜜䛯䚹tppm䛿 Two Pulse Phase Modulation
䛾␎䛷䚸cw ἲ䛷㏙䜉䛯䚸᭷ຠ☢ሙ᪉ྥ䛾☢໬䜢䛥䜙䛻ᖹᆒ໬䛩䜛᪉ἲ䛷䛒䜛䚹
䛴䜎䜚䚸᭷ຠ☢ሙ䛛䜙ഴ䛔䛯᪉ྥ䛛䜙䝷䝆䜸Ἴ䜢↷ᑕ䛧䚸☢໬䜢ᅇ㌿䛥䛫䚸ᖹᆒ
໬䛩䜛䚹tppm ἲ䛿䝕䜹䝑䝥䝹ຠ⋡䛜Ⰻ䛔䛾䛷ከ䛟䛾 ᐃ䛻⏝䛔䜙䜜䛶䛔䜛䚹ᮏ
◊✲䛷䜒 tppm15 䝟䝹䝇䝅䞊䜿䞁䝇䜢⏝䛔䛯䚹
䞉CRAMPS ἲ
CRAMPS䛿 Combined Rotation and Multiple-Pulse Spectroscopy䛾␎䛷䛒䜛䚹
䛴䜎䜚䚸MAS 䛸ከ㔜䝟䝹䝇䜢⏝䛔䛶䚸1H-1H 㛫䛾཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䜢
ᑠ䛥䛟䛩䜛ᡭἲ䛷䛒䜛䚹ከ㔜䝟䝹䝇䛻䛿䚸WAHUHA-4䜔 MREV-8 䛺䛹䛾䝟䝹䝇
⣔ิ䜒䛒䜛䛜䚸ᮏ◊✲䛷䛿 BR-24 䜢⏝䛔䛯䚹䛣䜜䜙䛾䝟䝹䝇⣔ิ䛿䚸MAS ㏿ᗘ
䛸䛾ᖸ΅䜢㑊䛡䜛䛯䜑䛻䚸ప㏿ MAS䛷 ᐃ䛩䜛䜘䛖䛻⤌䜏❧䛶䜙䜜䛶䛔䜛䚹䛣䜜
䜙䛾䝟䝹䝇⣔ิ䛾ᇶᮏⓗ䛺⪃䛘᪉䛿䚸☢໬䜢▷䛔᫬㛫䛾㛫䛻 x, y, z㍈䛻ಽ䛧䚸
☢໬䜢 3 ḟඖᖹᆒ䛩䜛᪉
ἲ䛷䛒䜛䚹䛣䛣䛷䚸BR-24 䛜
཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝
䜢ᑠ䛥䛟䛩䜛䛣䛸䜢௨ୗ䛻
♧䛩䚹䜎䛪䚸(ʌ/2)x 䝟䝹䝇䜢
X 䛸⾲䛧䚸䝟䝹䝇┤๓䛾᫬
้䜢 0䠉䠄⇕ᖹ⾮≧ែ t 䠙
XYYXXYYXYXYYXYXXYYXXYX
BR-24 䝟䝹䝇⣔ิ
X,Y 䛿ྛ㍈䜈 ʌ/2 䝟䝹䝇䜢༳ྍ䛧䚸X,Y 䛿-x,-y ㍈᪉ྥ䜈
ʌ/2 䝟䝹䝇䜢༳ྍ䛩䜛䛣䛸䜢ព࿡䛩䜛䚹
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0䛻➼䛧䛔䠅䚸┤ᚋ䜢 0䠇䛸䛩䜛䚹Ἴື㛵ᩘ |ĳ(t)>䛿䝟䝹䝇 X䛻䜘䜚௨ୗ䛾䜘䛖䛻ኚ
໬䛩䜛䚹
  |ĳ(0䠇)> 䠙 X|ĳ(0䠉)> 䠙 X|ĳ(0)>   (23) 
ḟ䛾䝟䝹䝇䜢↷ᑕ䛩䜛䜎䛷䛾㛫㝸 Ĳ 䛾㛫䚸☢໬䛿 U 䛸䛔䛖┦஫స⏝䜢ཷ䛡䜛䠄䛣
䛾୰䛻཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䛜ྵ䜎䜜䛶䛔䜛䠅䛾䛷䚸Ĳ ᫬㛫ᚋ䛿
  |ĳ(Ĳ)> 䠙 U|ĳ(0䠇)> 䠙 UX|ĳ(0)>   (24)䚹
ḟ䛻 Ĳ䠉䛷 Y 䝟䝹䝇䜢↷ᑕ䛧䚸䛭䛾ᚋ䛥䜙䛻 Ĳ ᫬㛫䠄䛴䜎䜚 2Ĳ䠅⤒㐣䛧䛯ᚋ䚸3 䛴
┠䛾 Y 䝟䝹䝇䜢↷ᑕ䛩䜛䛸䚸
 |ĳ(2Ĳ䠇)> 䠙 YUY|ĳ(Ĳ)> 䠙 YUYUX|ĳ(0)>  (25)䚹
䛣䛣䛷䚸
 ൌ ି୧ಘమ୍ೣ㻌 㻌 㻌 㻌 㻌  ൌ ୧ಘమ୍ೣ    (26)
䛺䛾䛷䚸XX䠙XX䠙1 䛷䛒䜛䚹䜘䛳䛶䚸ᘧ (25)䛿䚸௨ୗ䛾䜘䛖䛻᭩䛟䛣䛸䛜䛷䛝䜛䚹
 |ĳ(2Ĳ䠇)> 䠙 YUYUX|ĳ(0)> 䠙 XXYUYXXUX|ĳ(0)> (27) 
䛴䜎䜚䚸XYUYX 䛸 XUX 䜢ྵ䜐䛾䛷䚸䛭䜜䜙䜢ィ⟬䛩䜜䜀䚸Ἴື㛵ᩘ䛾ኚ໬䜢
ண 䛩䜛䛣䛸䛜䛷䛝䜛䚹䛣䛣䛷䛿ᅇ㌿ᗙᶆ⣔䛻䛝䛱䜣䛸஌䛳䛯ሙྜ䜢⪃䛘䚸U 䛸䛧
䛶໬Ꮫ䝅䝣䝖䛸཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䜢⪃䛘䜛䚹䛴䜎䜚䚸
 ൌ ି୧ሺH ାH ሻ௧     㻌    (28)
䛷䛒䜛䚹䛣䛣䛷䚸ᣦᩘ㛵ᩘ䜢ᒎ㛤䛧䚸XX䠙1 䜢⏝䛔䜛䛸௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 㻌 㻌  ൌ ି୧ሺH ାH ሻ௧ ൌ ି୧ଡ଼ሺH ାH ሻଡ଼௧㻌 (29)
䛴䜎䜚䚸ᘧ (27)䛿
ȁɔሺͲሻ ൐ൌ ି୧ଡ଼ଢ଼ሺH ାH ሻଢ଼ଡ଼௧ି୧ଡ଼ሺH ାH ሻଡ଼௧ȁɔሺͲሻ ൐ (30)
䛸䛺䜛䛾䛷䚸ᣦᩘ㒊ศ䜢ィ⟬䛧࿴䜢䛸䜛䛣䛸䛷䚸䝟䝹䝇䛾ຠᯝ䜢⟬ฟ䛩䜛䛣䛸䛜䛷
䛝䜛䚹᭱⤊ⓗ䛻䚸<Iy>䜢ほ 䛩䜛䛾䛷䚸௨ୗ䛾ᮇᚅ್䜢ィ⟬䛩䜛䛣䛸䛻䛺䜛䚹
 <Iy >䠙<ĳ(nĲ)| Iy |ĳ(nĲ)>䠙<ĳ(0)|XUX䡡䡡䡡Iy 䡡䡡䡡XUX|ĳ(0)> (31) 
BR-24 䛾ሙྜ䚸᭱ึ䛾 X 䝟䝹䝇䜢 P1 䛸䛩䜛䛸䚸ḟ䝨䞊䝆䛻♧䛧䛯⾲䛾䜘䛖䛻ィ
⟬䛩䜛䛣䛸䛜䛷䛝䜛䚹䛣䜜䜙䛾࿴䜢䛸䜛䛸䚸Iz㡯䛿䚸4Ĳ(Iz䠇Ix䠉Iy )䛸䛺䜚䚸I1zI2z㡯䛿䚸
8Ĳ(I1xI2x䠇I1yI2y䠇I1zI2z )䛸䛺䜛䚹Iz㡯䛸 I1zI2z㡯䜢ィ⟬䛧䛯䛾䛿 H  CS 䛸 H  DD䛿䚸
ᘧ (22)䛸(11)䛻♧䛧䛯䜘䛖䛻䚸䛣䜜䜙䛾㡯䜢ྵ䜣䛷䛔䜛䛛䜙䛷䛒䜛䚹ゝ䛔᥮䛘䜜䜀䚸
໬Ꮫ䝅䝣䝖㡯䛸཮ᴟᏊ┦஫స⏝㡯䛸ゝ䛔᥮䛘䜛䛣䛸䛜䛷䛝䜛䚹䝟䝹䝇ᖜ䜢↓ど䛩
䜛䛸䚸䛣䛾䝟䝹䝇⣔ิ䜢↷ᑕ䛧䛶䛔䜛᫬㛫䛿䚸24Ĳ 䛺䛾䛷䚸཮ᴟᏊ㡯䛾᫬㛫ᖹᆒ
䜢䛸䜛䛸䚸(I1xI2x䠇I1yI2y䠇I1zI2z )/3 䛸䛺䜛䚹ᘧ (11)䛛䜙䚸཮ᴟᏊ┦஫స⏝䛿䚸䛣䛾
⤖ᯝ䛛䜙ᖹᆒ໬䛥䜜 0 䛻䛺䜛䛣䛸䛜ศ䛛䜛䚹䜘䛳䛶䚸ᘧ (31)䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 ൏ I࢟ ൐ൌ൏ ɔሺͲሻห୧H ి౏௧ I࢟ି୧H ి౏௧หɔሺͲሻ ൐ൌ൏ ߮ሺͲሻห୧H ి౏௧ Iࢠି୧H ి౏௧หɔሺͲሻ ൐ (32) 
䛣䛣䛷䚸H ୌ ן ሺI࢟ െ I࢟ ൅ I࢟ሻ䛷䛒䜛䚹䛣䛾䜘䛖䛻ほ 䛥䜜䜛ಙྕ䛻䛿཮ᴟᏊ䠉཮
ᴟᏊ┦஫స⏝䛻䜘䜛⥺ᖜ䛜ྵ䜎䜜䛶䛔䛺䛔䛜䚸໬Ꮫ䝅䝣䝖㡯䛿ṧ䜛䚹
㻌 䛺䛚䚸CRAMPSἲ䛿䚸⌧ᅾ䜒ᨵⰋ䛜ຍ䛘䜙䜜䚸㧗㏿ MAS䛷䜒 ᐃ䛷䛝䜛䝟䝹
䝇⣔ิ䛜㛤Ⓨ䛥䜜䛶䛔䜛䚹䛧䛛䛧䚸CRAMPS ἲ䛾᭱኱䛾ၥ㢟Ⅼ䛷䛒䜛䝇䜿䞊䝹
ᅉᏊ䛾ၥ㢟䛿ゎỴ䛷䛝䛺䛔䚹䛣䜜䛿䚸ከ㔜䝟䝹䝇䜢⏝䛔䜛䛸䚸ᚓ䜙䜜䜛䝇䝨䜽䝖
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䝹䛾ᶓ㍈䛜⦰ᑠ䛧䛶䛧䜎䛖䛾䛷䚸䝇䜿䞊䝹ᅉᏊ䜢䛛䛡䛶䚸⿵ṇ䛧䛶䛔䜛䛾䛷䛒䜛䚹
䛣䛾ᅉᏊ䛿⌮ㄽⓗ䛻ồ䜑䛯್䛷䛿䚸ᐇ㦂್䜢෌⌧䛩䜛䛣䛸䛜㞴䛧䛔䛾䛷䚸᪤▱
䛾≀㉁䛾䝇䝨䜽䝖䝹 ᐃ䜢⾜䛔䚸䝇䜿䞊䝹ᅉᏊ䜢Ỵ䜑䛶䛔䜛䛣䛸䛜ከ䛔䚹
⾲㻌 BR-24 䝟䝹䝇⣔ิ䛸໬Ꮫ䝅䝣䝖㡯 (Iz )䛸཮ᴟᏊ㡯 (I1z I2z )
Pi Ȇ Pi Iz I1z I2z Pi Ȇ Pi Iz I1z I2z
1 X X -Iy I1y I2y  13 Y  Y - I  x I 1x I 2x
2 Y XY  I  x I 1x I 2x  14 X YX - I  y I 1y I 2y
3 Y X - I  y I 1y I 2y  15 Y YXY  I z I 1z I 2z
4 X 1  I z I 1z I 2z  16 X YXYX  I  x I 1x I 2x
5 X X  I  y I 1y I 2y  17 X  YXY  I z I 1z I 2z
6 Y X Y  I  x I 1x I 2x  18 Y YX - I  y I 1y I 2y
7 Y X  I  y I 1y I 2y  19 Y YXY - I z I 1z I 2z
8 X 1  I z I 1z I 2z  20 X YXYX  I  x I 1x I 2x
9 Y Y  I  x I 1x I 2x  21 X  YXY - I z I 1z I 2z
10 X YX - I  y I 1y I 2y  22 Y  YX - I  y I 1y I 2y
11 X Y  I  x I 1x I 2x  23 X  Y - I  x I 1x I 2x
12 Y 1  I z I 1z I 2z  24 Y  1  I z I 1z I 2z
䞉2 ḟඖ ᐃ
2 ḟඖ ᐃ䛾ᇶᮏⓗ䛺䝟䝹䝇⣔ิ䛿䚸‽ഛᮇ䞉ᒎ㛤ᮇ䞉ΰྜᮇ䞉᳨ฟᮇ䛛䜙䛺
䜛䚹‽ഛᮇ䛷䛿䚸☢໬䜢ᅇ㌿ᗙᶆ⣔䛾 xy ᖹ㠃䛻ಽ䛧䚸䛭䜜䜢ᒎ㛤ᮇ䛷ᒎ㛤䛩
䜛䚹1ḟඖ䛾 ᐃ䛷䛿䚸䛣䛾☢໬䜢 FID䛸䛧䛶᳨ฟ䛩䜛䛜䚸2ḟඖ䛷䛿䚸䛣䛾᫬㛫
䜢 t1 䛸䛧䚸ḟ䛾ΰྜᮇ䛻㐍䜐䚹ΰྜᮇ䛷䚸᰾㛫䛷ศᴟ⛣ື䜢㉳䛣䛧䚸᳨ฟᮇ䛷䚸
FID ಙྕ䜢ᚓ䜛䚹᳨ฟᮇ䛷ᚓ䜙䜜䜛 FID 䛿 1 ḟඖ ᐃ䛸ྠᵝ䛻᫬㛫 (t2 )䛸ඹ䛻
ῶ⾶䛩䜛䛜䚸t1䛾㛵ᩘ䛻䜒䛺䛳䛶䛔䜛䚹䛴䜎䜚䚸t1䛸 t2䛻ᑐ䛧䛶䝣䞊䝸䜶ኚ᥮䛩䜛䛣
䛸䛷䚸2 ḟඖ䝇䝨䜽䝖䝹䛜ᚓ䜙䜜䜛䚹䛷䛿䚸䛺䛬᳨ฟჾ䛷ᚓ䜙䜜䜛 FID 䛜 t1 䛾㛵
ᩘ䛸䛺䜛䛾䛛䚸ḟ䛻⡆༢䛻㏙䜉䜛䚹
㻌 ヰ䜢⡆༢䛻䛩䜛䛯䜑䛻䚸䛣䛣䛷䛿᰾ I 䛸 S䛜 J 䜹䝑䝥䝸䞁䜾䛧䛯 2 䝇䝢䞁⣔䛾᰾䜢
ᢅ䛖䚹䜎䛪䚸‽ഛᮇ䛷 2 䛴䛾᰾䛻 x ㍈᪉ྥ䛛䜙 ʌ/2 䝟䝹䝇䜢༳ྍ䛩䜛䚹䛩䜛䛸⇕
ᖹ⾮≧ែ (ձ )䛻䛒䛳䛯☢໬䛿䚸-y㍈䛻ಽ䜜䜛(ղ )䚹ᒎ㛤ᮇ䛾 t1䛾㛫䛻 I䛾☢໬
䛿䝇䝢䞁䜹䝑䝥䝸䞁䜾䛻䜘䜚䚸䝷䞊䝰䜰࿘Ἴᩘ ȍI 䜘䜚䜒㏿䛔ᡂศ䛸㐜䛔ᡂศ䛜䛒䜛
䛾䛷䚸ճ䛾䜘䛖䛻䚸䝕䜱䝣䜵䞊䝈䛩䜛䚹䛺䛚䚸ճ䛾䝧䜽䝖䝹䛿 xᡂศ䛸 yᡂศ䛾࿴䛷
⾲䛩䛣䛸䛜䛷䛝䜛䚹t1᫬㛫ᚋ䛻 x ㍈᪉ྥ䛛䜙 ʌ/2 䝟䝹䝇䜢༳ྍ䛩䜛䛸䚸ճ䛾 y ᡂ
固体高分解能NMRを用いたビスフェノール Aの研究
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ศ䛿䚸մ䛾 z ᡂศ䛻䛺䜛䚹մ䛿䚸☢໬䛜ศᴟ䛧䛯≧ែ䛷䛒䜛䚹䛺䛚䚸մ䛾 z ᡂศ
䛾኱䛝䛥䛿䚸t1䛾㛵ᩘ䛻䛺䛳䛶䛔䜛䚹䛣䛾 ʌ/2 䝟䝹䝇䛜ΰྜᮇᚋ䛾᳨ฟᮇ䛷 FID
䛷ほ 䛥䜜䚸t1 䛸 t2䛾㛵ᩘ䛸䛺䜛䚹
ḟ䛻䚸ᐦᗘ₇⟬Ꮚ䜢⏝䛔䛶 COSY  ᐃ䛜ྍ⬟䛺䛣䛸䜢௨ୗ䛻ㄝ᫂䛩䜛䛜䚸䛣䛣
䛷䛿⦆࿴䛿↓ど䛩䜛䚹NMR 䛷ほ 䛩䜛᰾䛿 1 ಶ䜔 2 ಶ䛷䛿䛺䛟䚸1018ಶ⛬ᗘ
䛷䛒䜛䛾䛷䚸≧ែ䜢ᐦᗘ㛵ᩘ ȡ 䛷⾲䛩䛣䛸䛜ከ䛔䚹ほ ㍈䛿 xy ᖹ㠃䛺䛾䛷䚸I䠇
䛾ᮇᚅ್䜢ィ⟬䛩䜛䚹ୖグ䛾౛䛻䛺䜙䛔䚸2 䝇䝢䞁⣔䜢⪃䛘䜛䚹
 <I䠇䠇S䠇>I䠙Tr{(I䠇䠇S䠇)ȡ(t )}
䠙Tr{(I䠇䠇S䠇)U(t2)XU(t1)Xȡ(0)XU(t1)XU(t2)} (33)
䛣䛣䛷䚸ᕥ㎶䛾ῧ䛘Ꮠ䛿 I 䝇䝢䞁䛻䛴䛔䛶ィ⟬䛩䜛䛣䛸䜢♧䛧䛶䛔䜛䚹S 䝇䝢䞁䛿
ᚓ䜙䜜䛯⤖ᯝ䛾 I 䛸 S 䜢ධ䜜᭰䛘䜛䛣䛸䛷ᚓ䜙䜜䜛䚹䜎䛯䚸Tr 䛿䝖䝺䞊䝇䛷⾜ิ䛾
ᑐゅ㡯䛾࿴䜢䛸䜛䛣䛸䜢ព࿡䛩䜛䚹ᘧ (33)䛾 U(t )䛿䝇䝢䞁䜹䝑䝥䝸䞁䜾䛸໬Ꮫ䝅䝣
䝖䛾㡯䜢ྵ䜐䚹I 䛸 S 䛾໬Ꮫ䝅䝣䝖䛿䚸ᅇ㌿ᗙᶆ⣔䛾㏿ᗘ䛸䛭䜜䛮䜜 ȍI 䛸 ȍS␗
䛺䜛࿘Ἴᩘ䛸䛩䜛䚹䛴䜎䜚䚸
୧ஐ౅௧୍೥୧ஐ౏௧ୗ೥    (34)䚹
䜎䛯䚸䝇䝢䞁䜹䝑䝥䝸䞁䜾䛿䚸௨ୗ䛾䜘䛖䛻⾲䛩䚹
ିଶ୧஠௃୍೥ୗ೥௧    (35) 
⇕ᖹ⾮≧ែ ȡ(0)䛿䚸Iz 䛻ẚ౛䛧䛯ᡂศ䜢ᣢ䛴䛸㏆ఝ䛷䛝䜛䛾䛷䚸ᘧ (33)䛿䚸௨
ୗ䛾䜘䛖䛻䛺䜛䚹
 <I䠇䠇S䠇>I䠙Tr{(I䠇䠇S䠇)U(t2)XU(t1)X Iz XU(t1)XU(t2)} (36)
䛣䛣䛷䚸X Iz X䛿⡆༢䛻ィ⟬䛷䛝䚸Iy䜢୚䛘䜛䛾䛷䚸ḟ䛻U(t1) Iy U(t1)䜢ィ⟬䛩䜛
䛣䛸䛻䛺䜛䚹ᘧ (34)䛸(35)䛿䚸䛭䜜䛮䜜 Iy䛻ᑐ䛧䛶௨ୗ䛾䜘䛖䛻᣺䜛⯙䛖䚹
㻌 ି୧ஐ౏௧ୗ೥ି୧ஐ౅௧୍೥௬୧ஐ౅௧୍೥୧ஐ౏௧ୗ೥ ൌ ௬ȳ୍ݐ ൅ ௫ ȳ୍ݐ㻌 㻌 㻌 㻌 (37)
㻌 ିଶ୧஠௃୍೥ୗ೥௧௬ଶ୧஠௃୍೥ୗ೥௧ ൌ  ௬ ሺɎܬݐሻ ൅ ʹ௫௭ሺɎܬݐሻ   (38)
䛣䛣䛷䚸ᘧ (38)䛿᰾䝇䝢䞁 1/2 䛾ሙྜ䛻ᡂ䜚❧䛴䚹ᘧ (38)䛾ᑟ䛝᪉䜢௨ୗ䛻♧䛩䚹
䜎䛪䚸௨ୗ䛾ᘧ䛜ᡂ䜚❧䛴䚹
㻌 㻌 㻌 㻌 ି୧஘୍೥௬୧஘୍೥ ൌ ௬  Ʌ ൅ ௫  Ʌ㻌 㻌 㻌        (39)
䛣䛣䛷䚸ș䠙2ʌJtSz 䛸䛩䜛䛸䚸
ିଶ୧஠௃୍೥ୗ೥௧௬ଶ୧஠௃୍೥ୗ೥௧ ൌ  ௬ ሺʹɎܬݐ௭ሻ ൅ ௫ሺʹɎܬݐ௭ሻ (40)䚹
䛣䛣䛷䚸cos 䛸 sin 䜢ᒎ㛤䛩䜛䛸䚸
㻌 ሺʹɎܬݐ௭ሻ ൌ ͳ െ ሺଶ஠௃௧ሻ
మ
ଶǨ ௭ଶ ൅
ሺଶ஠௃௧ሻర
ସǨ ௭ସ െ ڮ㻌    (41)
x
y
zձ ղ ճ մ
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㻌 ሺʹɎܬݐ௭ሻ ൌ ʹɎܬݐ௭ െ ሺଶ஠௃௧ሻ
య
ଷǨ ௭ଷ ൅
ሺଶ஠௃௧ሻఱ
ହǨ ௭ହ െ ڮ      㻌    (42)
䛷䛒䜛䚹䛣䛣䛷䚸᰾䝇䝢䞁 1/2 䛾ሙྜ௭ଶȁ݉ ൐ൌ ଵସ ȁ݉ ൐䛺䛾䛷䚸ᘧ (41)䛸(42)䛿䚸
㻌 ሺʹɎܬݐ௭ሻ ൌ ͳ െ ሺଶ஠௃௧ሻ
మ
ଶǨ ቀ
ଵ
ଶቁ
ଶ ൅ ሺଶ஠௃௧ሻరସǨ ቀ
ଵ
ଶቁ
ସ െ ڮ ൌ ሺɎܬݐሻ㻌    (43)
㻌 ሺʹɎܬݐ௭ሻ ൌ ʹ௭ ቄɎܬݐ െ ሺଶ஠௃௧ሻ
య
ଷǨ
ୗ೥మ
ଶ ൅
ሺଶ஠௃௧ሻఱ
ହǨ
ୗ೥ర
ଶ െ ڮቅ ൌ ʹ௭ ሺɎܬݐሻ   (44)
䜘䛳䛶䚸ᘧ (40), (43), (44)䛛䜙䚸ᘧ (38)䛜ᑟ䛛䜜䜛䚹
㻌 ᘧ (41)䛸(42)䜢⏝䛔䜛䛸䚸
㻌 ଶ୧஠௃୍೥ୗ೥௧భ୧ஐ౅௧భ୍೥௬ି୧ஐ౅௧భ୍೥ିଶ୧஠௃୍೥ୗ೥௧భ ൌ ሼ௬ ሺɎܬݐଵሻ ൅ ʹ௫௭ ሺɎܬݐଵሻሽ ȳ୍ݐଵ ൅
ሼ௫ ሺɎܬݐଵሻ െ ʹ௬௭ ሺɎܬݐଵሻሽ ȳ୍ݐଵ       (45)䚹
ḟ䛞䛻 X 䛾ᐤ୚䜢ィ⟬䛩䜛䚹ᘧ (45)䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
୧஠ଶ୍ೣ୧஠ଶୗೣଶ୧஠௃୍೥ୗ೥௧భ୧ȳ௧భ୍೥௬ି୧ȳ௧భ୍೥ିଶ୧஠௃୍೥ୗ೥௧భି୧
஠
ଶୗೣି୧஠ଶ୍ೣ ൌ
ሼ௭ ሺɎܬݐଵሻ െ ʹ௫௬ ሺɎܬݐଵሻሽ ȳݐଵ ൅ ሼ௫ ሺɎܬݐଵሻ െ ʹ௭௬ሺɎܬݐଵሻሽ ȳݐଵ㻌 㻌 (46)
᭱ᚋ䛻 U(t2)䛾ᐤ୚䚸䛴䜎䜚䚸U(t2)ᘧ (46)U(t2)䛾ィ⟬䛜ṧ䜛䚹䛣䜜䜎䛷䛿䚸I 䛸 S
䛜⊂❧䛧䛶䛔䜛䛯䜑䚸ᘧ (34)䛾 Sz䛾ᐤ୚䛿䛺䛛䛳䛯䛜䚸ᘧ (46)䛻䛿 S䛜ྵ䜎䜜䛶
䛔䜛䛾䛷䚸༢⣧䛻ᣳ䜣䛷ィ⟬䛩䜛䛸」㞧䛻䛺䜛䚹䛭䛣䛷䚸
  Tr{ABC}䠙Tr{BCA}䠙Tr{CAB}   (47) 
䛾ᛶ㉁䜢฼⏝䛧䚸ᘧ (36)䜢௨ୗ䛾䜘䛖䛻ኚᙧ䛩䜛䚹
 ቄିଶ୧஠௃୍೥ୗ೥௧మି୧ஐ౅௧మ୍೥ି୧ஐ౏௧మୗ೥ሺା ൅ ାሻ୧ஐ౏௧మୗ೥୧ஐ౅௧మ୍೥ଶ୧஠௃୍೥ୗ೥௧మሺݐଵሻ௭ሺݐଵሻቅ
           (48)
䛣䛣䛷䚸ᘧ䜢ぢ䜔䛩䛟䛩䜛䛯䜑䛻ᘧ (46)䛿䚸XU(t1)XIzXU(t1)X 䛷⾲䛧䛶䛔䜛䚹௨
ୗ䛾㛵ಀ
ି୧ஐ౅௧మ୍೥ା୧ஐ౅௧మ୍೥ ൌ ା୧ஐ౅୲మ㻌    (49)
䛜ᡂ䜚❧䛴䛾䛷䚸ᘧ (48)䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌  ቄିଶ୧஠௃୍೥ୗ೥௧మሺା୧ஐ౅୲మ ൅ ା୧ஐ౏୲మሻଶ୧஠௃୍೥ୗ೥௧మሺݐଵሻ௭ሺݐଵሻቅ (50)
ᘧ (38)䜘䜚䚸
ିଶ୧஠௃୍೥ୗ೥௧௫ଶ୧஠௃୍೥ୗ೥௧ ൌ  ௫ ሺɎܬݐሻ െ ʹ௬௭ሺɎܬݐሻ㻌 (51)
䛜ᡂ䜚❧䛴䛾䛷䚸௨ୗ䛾㛵ಀ䜢ᚓ䜛䛣䛸䛜䛷䛝䜛䚹
ିଶ୧஠௃୍೥ୗ೥௧ାଶ୧஠௃୍೥ୗ೥௧ ൌ  ା ሺɎܬݐሻ ൅ ʹା௭ሺɎܬݐሻ (52)
S 䛻䛴䛔䛶䜒ᘧ (52)䛸ྠᵝ䛾㛵ಀ䛜ᚓ䜙䜜䜛䛾䛷䚸ᘧ (50)䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
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 ቄൣା୧ஐ౅୲మ൫ሺɎܬݐଶሻ ൅ ʹ௭ሺɎܬݐଶሻ൯ ൅
ା୧ஐ౏୲మ൫ሺɎܬݐଶሻ ൅ ʹ௭ሺɎܬݐଶሻ൯൧ሺݐଵሻ௭ሺݐଵሻቅ    (53)
ᘧ (53)䛾 XU(t1)XIzXU(t1)X 䜢ᘧ (46)䛷⾲䛩䛸䚸௨ୗ䛾䜘䛖䛻䛺䜛䚹
 ቊ ൣ
ା୧ஐ౅୲మሺሺɎܬݐଶሻ ൅ ʹ௭ ሺɎܬݐଶሻሻ ൅ ା୧ஐ౏୲మሺሺɎܬݐଶሻ ൅ ʹ௭ ሺɎܬݐଶሻሻ൧ ൈ
ൣሼ௭ ሺɎܬݐଵሻ െ ʹ௫௬ ሺɎܬݐଵሻሽ ȳ୍ݐଵ ൅ ሼ௫ ሺɎܬݐଵሻ െ ʹ௭௬ሺɎܬݐଵሻሽ ȳ୍ݐଵ൧
ቋ (54)
䛣䛾䜘䛖䛻 16ಶ䛾㡯䛜ᚓ䜙䜜䜛䛜䚸䝖䝺䞊䝇䛾ᛶ㉁䛛䜙䚸I䠇Ix 䛸 S䠇Sy䛾㡯䛾䜏䛜
ṧ䜛䠄I䠇Iz 䜔 I䠇Sx ➼䛿㠀ᑐゅ㡯䛺䛾䛷䚸㝖䛛䜜䚸I䠇IxSz 䜔 S䠇SyIz 䛿ᑐゅ㡯䛾
࿴䛜 0 䛸䛺䜛䠅䚹䜘䛳䛶䚸ᘧ (54)䛿௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 ୧ஐ౅୲మ ሺɎܬݐଵሻ ሺɎܬݐଶሻ ȳ୍ݐଵሼା௫ሽ െ Ͷ୧ஐ౏୲మ ሺɎܬݐଵሻ ሺɎܬݐଶሻ ȳ୍ݐଵ൛ା௭ଶ௬ൟ (55)
䛣䛣䛷䚸௭ଶȁ݉ ൐ൌ ଵସ ȁ݉ ൐ 䛜ᡂ䜚❧䛴䚹䜎䛯䚸௨ୗ䛾ᘧ䜢⏝䛔䜛䛸䚸
ሼା௫ሽ ൌ ଵଶ ሼାሺା ൅ ିሻሽ ൌ
ଵ
ଶ ሼାିሽ ൌ ͳ    (56) 
൛ା௬ൟ ൌ ଵଶ୧ ሼାሺା െ ିሻሽ ൌ െ
ଵ
ଶ୧ ሼାିሽ ൌ    (57) 
ᘧ (55)䛿䚸௨ୗ䛾䜘䛖䛻䛺䜛䚹
㻌 ୧ஐ౅୲మ ሺɎܬݐଵሻ ሺɎܬݐଶሻ ȳ୍ݐଵ ൅ ୧ஐ౏୲మ ሺɎܬݐଵሻ ሺɎܬݐଶሻ ȳ୍ݐଵ㻌 (58)
䛣䛾ᘧ䛿ᘧ (33)䜢ィ⟬䛧䛯⤖ᯝ䛷䛒䜛䚹S 䝇䝢䞁䛻䛴䛔䛶䜒䚸ྠᵝ䛻ィ⟬䛩䜛䛸
ᘧ (57)䛾 I 䛸 S 䜢஺᥮䛧䛯⤖ᯝ䛜ᚓ䜙䜜䜛䚹䜘䛳䛶䚸ほ 䛥䜜䜛 FID 䛿䚸
㻌 ሺɎܬݐଵሻ ሺɎܬݐଶሻ ൛ሺȳ୍ݐଵሻ୧ஐ౅୲మ ൅ ሺȳୗݐଵሻ୧ஐ౏୲మൟ ൅
㻌 ሺɎܬݐଵሻ ሺɎܬݐଶሻ ൛ሺȳ୍ݐଵሻ୧ஐ౏୲మ ൅ ሺȳୗݐଵሻ୧ஐ౅୲మൟ   (59)
䛣䛣䛷䚸➨ 1 㡯䛾ᣓᘼෆ䜢ぢ䜛䛸䚸t1, t2䛾䛹䛱䜙䛻ᑐ䛧䛶䝣䞊䝸䜶ኚ᥮䛧䛶䜒䚸ȍI
䛸 ȍS 䜢୚䛘䜛䛾䛷䚸2 ḟඖ䝇䝨䜽䝖䝹䛾ᑐゅᡂศ䛷䛒䜛䛣䛸䛜ศ䛛䜛䚹ᐇ㝿䛻䛿
cos 䛾㡯䜒ᐤ୚䛩䜛䛾䛷䚸ȍI 䛷䛿䛺䛟 ȍI±ʌJ 䛾఩⨨䛻ಙྕ䛜ほ 䛥䜜䜛䛾䛷䚸
ศゎ⬟䜢ୖ䛢䜛䛸 4 䛴䛾ಙྕ䛾䜽䝷䝇䝍䞊䛸䛧䛶ほ 䛥䜜䜛䚹➨ 2 㡯䛾᭱ึ䛾ᡂ
ศ䛿䚸t1䛻ᑐ䛧䛶 ȍI 䜢䚸t2䛻ᑐ䛧䛶 ȍS 䜢୚䛘䜛䛾䛷䚸஺ᕪ䝢䞊䜽䛷䛒䜛䛣䛸䛜ศ
䛛䜛䚹䛣䜜䛿䚸䝇䝢䞁䜹䝑䝥䝸䞁䜾䛜䛺䛔ሙྜ䚸䛴䜎䜚 J䠙0 䛸䛩䜛䛸䚸ᘧ (59)䛾➨ 2
㡯䛜 0 䛸䛺䜛䛣䛸䛛䜙䜒᫂䜙䛛䛷䛒䜛䚹䜎䛯䚸sin䛿 ʌ/2 䛾䛸䛝䛻᭱኱್䜢䛸䜛䛾䛷䚸
t1䠙t2䠙1/2J 䛾䛸䛝䛻ຠ⋡䛜᭱኱䛻䛺䜛䛣䛸䜒ᘧ (59)䛛䜙ศ䛛䜛䚹䛴䜎䜚䚸J 䛜኱䛝
䛔▷㊥㞳┦஫స⏝䛾䜏᳨ฟ䛧䛯䛔ሙྜ䛿 t1 䛸 t2䜢▷䛟㝈ᐃ䛩䜛䚹䛺䛚䚸ᘧ (33)
䛷䚸I䠇䜢㑅䜣䛰䛜䚸I䠉䜢㑅䜣䛷䜒䝖䝺䞊䝇䜢䛸䜛䛾䛷䚸ྠ䛨⤖ᯝ䛜ᚓ䜙䜜䜛䚹
㻌 䛣䜜䜎䛷䛾ㄝ᫂䛿䚸COSY(Correlated Spectroscopy)䛻㛵䛧䛶䛷䛒䜛䛜䚸
HMQC(Heteronuclear Multiple-Quantum Correlation Spectroscopy)䛿䚸ʌ 䝟䝹
䝇䜢䝟䝹䝇⣔ิ䛻⤌䜏㎸䜏䚸ከ㔞Ꮚ 䝁䝠䞊䝺䞁䝇䜢⾜ 䛳䛶䛔䜛䚹䜎䛯䚸
FSLG-HETCOR 䛿䚸ᅛయ䛾␗᰾✀䛾┦㛵䜢 ᐃ䛩䜛᪉ἲ䛷䚸 Frequency 
Switched Lee-Goldburg 䝟䝹䝇䜢⏝䛔䛶ྠ✀᰾㛫䛾཮ᴟᏊ -཮ᴟᏊ┦஫స⏝
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䜢ᡴ䛱ᾘ䛧䛶䛔䜛䚹䛣䛾䝟䝹䝇⣔ิ䛿䚸䝟䝹䝇↷ᑕ䛻䜘䜛᭷ຠ☢ሙ䛜䚸㟼☢ሙ䛻
ᑐ䛧䛶䝬䝆䝑䜽䜰䞁䜾䝹䛷䛒䜛 54.7°䛻䛺䜛䜘䛖䛻䝟䝹䝇ᙉᗘ䜢タᐃ䛧䚸☢໬䛜䛭
䛾࿘䜚䛷 2ʌ ᅇ㌿䛩䜛䜘䛖䛻䝟䝹䝇ᖜ䜢ㄪᩚ䛩䜛䚹䛥䜙䛻఩┦䜢ኚ䛘䚸㟼☢ሙ䛻
ᑐ䛧 234.7°(180䠇54.7)䛻 2ʌ ᅇ㌿䛩䜛䝟䝹䝇䜢↷ᑕ䛩䜛䚹ᚋ⪅䛾䝟䝹䝇䜢⤌䜏
ධ䜜䜛䛣䛸䛻䜘䜚䚸タᐃㄗᕪ䜢ᑠ䛥䛟䛧䛶䛔䜛䚹䝟䝹䝇ᖜ䜢 MAS 䛾࿘ᮇ䛻➼䛧䛟
䛩䜛䛸䚸䝇䝢䝙䞁䜾䝃䜲䝗䝞䞁䝗䛜ほ 䛥䜜䛺䛔䚹MAS㏿ᗘ䛜 12 kHz䛾ሙྜ䚸1H
᰾䛾䝕䜹䝑䝥䝹䛿 24 kHz 䛸䛺䜚䚸䝕䜹䝑䝥䝹䛿୙༑ศ䛷䛒䜛䚹䛭䛣䛷䚸8䝟䝹䝇⣔
䜢⏝䛔䚸96 kHz 䛾䝕䜹䝑䝥䝹䜢⾜䛳䛯䚹HETCOR 䛿 Heteronuclear Correlation
䛾␎䛷䚸ᇶᮏཎ⌮䛿 HMQC 䛸ྠ䛨䛷䛒䜛䚹௨ୗ䛻䝟䝹䝇⣔ิ䜢♧䛩䚹
[ᐇ㦂 ] 䝡䝇䝣䜵䝜䞊䝹 A 䛿ᕷ㈍䛾䜒䛾䜢⏝䛔䛯䚹䝡䝇䝣䜵䝜䞊䝹 A-d16(D ໬⋡
98%)䛿 CIL ♫䛾䜒䛾䜢⏝䛔䛯䚹
㻌 1H HS-MAS  ᐃ䛻䛿䚸Bruker Avance 600(14.09 T)ศගჾ䜢⏝䛔䛯䚹ヨᩱ
䛿䚸እ┤ᚄ 2.5mm 䛾 ZrO 䝻䞊䝍䞊䛻䛴䜑䚸MAS 䛾ᅇ㌿㏿ᗘ 35 kHz 䛷 ᐃ䜢
⾜䛳䛯䚹እ㒊ᶆ‽䛻䜰䝎䝬䞁䝍䞁䜢⏝䛔䚸໬Ꮫ䝅䝣䝖䛾⿵ṇ䜢⾜䛳䛯䚹䜎䛯䚸䝇䝨
䜽䝖䝹䛿 90°䝟䝹䝇䛾┤ᚋ䛻ほ 䛥䜜䜛 FID䜢 FT 䛧䛶ồ䜑䛯䚹1H᰾䛾ඹ㬆࿘Ἴ
ᩘ䛿䚸600.13 MHz 䛷䛒䛳䛯䚹CRAMPS䚸CP/MAS䚸FSLG-HETCOR  ᐃ䛻䛿
Bruker Avance 300(7.04 T)ศගჾ䜢⏝䛔䛯䚹ヨᩱ䛿እ┤ᚄ 4.0 mm 䛾 ZrO 䝻
䞊䝍䞊䛻䛴䜑䛯䚹CP/MAS  ᐃ᫬䛾ᅇ㌿㏿ᗘ䛿 12 kHz 䛷 13C ᰾䛸 1H ᰾䛾䝭
䜻䝅䞁䜾䛻䛿 RAMP 䝟䝹䝇[8]䜢䚸⏝䛔䛯䚹CRAMPS  ᐃ䛻䛿 BR-24 䝟䝹䝇[9]
䜢⏝䛔䚸ᅇ㌿㏿ᗘ䛿 2.2 kHz 䛷䛒䛳䛯䚹䜎䛯䚸FSLG-HETCOR  ᐃ [10]䛿䚸ᅇ㌿
㏿ᗘ 12 kHz䛷䝭䜻䝅䞁䜾䝍䜲䝮䛜 10 ȝs 䛸 20 ȝs䛾 2✀㢮䛷 ᐃ䜢⾜䛳䛯䚹䛺䛚䡠
䛩䜉䛶䛾 ᐃ䛿ᐊ 䛷⾜䛳䛯䚹1H 䝕䜹䝑䝥䝹䛻䛿 tppm15 䝟䝹䝇䜢⏝䛔䛯䚹ඹ
㬆࿘Ἴᩘ䛿䚸 1H ᰾䛜 300.13 MHz 䚸 13C ᰾䛿 75.48 MHz 䛷䛒䛳䛯䚹
t1 t2
COSY 
1H ᰾
13C ᰾
FSLG FSLG FSLG DC CP
CP
FSLG㸫HETCOR
t2
HMQC
DC 1H ᰾
13C ᰾
ǼǼ t1
1H ᰾
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FSLG-HETCOR  ᐃ䛷䛿䚸FID 䛻䜴䜱䞁䝗䜴㛵ᩘ䛸䛧䛶 QSIN 䜢⏝䛔䛯䚹䜎䛯䚸
1H ᰾䛾 t1䛿 128 ಶ䛾䝕䞊䝍䜢౑䛳䛯䚹
㻌 ⁐ᾮ䛾 1H ᰾䛸 13C ᰾䛾 NMR  ᐃ䛚䜘䜃䚸COSY, HMQC  ᐃ䛿 Bruker
Avance 600(14.09 T)ศගჾ䜢⏝䛔䛯䚹ඹ㬆࿘Ἴᩘ䛿䚸1H, 13C ᰾䛭䜜䛮䜜
600.13 MHz 䛸 150.92 MHz 䛷䛒䜛䚹
㔞Ꮚ⛉Ꮫィ⟬䛻䛿Gaussian 03W[11]
䜢⏝䛔䚸䝡䝇䝣䜵䝜䞊䝹 A䚸1 ศᏊ䛻
䛴䛔䛶ィ⟬䜢⾜䛳䛯䚹Ỉ⣲ཎᏊ௨እ
䛾ཎᏊ䛾ᗙᶆ䛿䚸ሗ࿌್ [1]䜢⏝䛔䛯䚹
Ỉ⣲ཎᏊ䛿䚸㔜ཎᏊ䛾఩⨨䜢ᅛᐃ
䛧䛯≧ែ䛷 B3LYP/6-31+G**ἲ䛻䛶
ᵓ㐀᭱㐺໬䜢⾜䛳䛯䚹Ỉ⣲䛾఩⨨䛿䚸
⤖ᬗ୰䛾 3 ✀㢮䛾䝡䝇䝣䜵䝜䞊䝹 A
䛻䛴䛔䛶䚸䛭䜜䛮䜜ồ䜑䛯䚹໬Ꮫ䝅
䝣䝖䛾್䛿䚸B3LYP/AUG-cc-pVDZ
䜔 B3LYP/6-311++G**ἲ䛺䛹䜢⏝䛔
䛶ồ䜑䛯䚹ィ⟬䛷䛿㐽ⶸ䝔䞁䝋䝹್
䛜ᚓ䜙䜜䜛䛾䛷䚸TMS 䛾㐽ⶸ䝔䞁䝋
䝹䛾ィ⟬䜒ྠ䛨᪉ἲ䛸ᇶᗏ䜢⏝䛔䛶
⾜䛔䚸䝡䝇䝣䜵䝜䞊䝹 A䛾್䛸ᕪ䜢䛸䜚䚸
໬Ꮫ䝅䝣䝖್䜢ồ䜑䛯䚹
[⤖ᯝ䛸⪃ᐹ ]㻌 ᅗ 3䛻MAS䛾ᅇ㌿
㏿ᗘ䜢ኚ䛘䛯䛸䛝䛾 1H MAS NMR
䝇䝨䜽䝖䝹䜢♧䛩䚹䛺䛚䚸ᅗ୰䛻ẚ㍑䛾
䛯䜑䛻䚸⁐ᾮ䛾 1H NMR  ᐃ䛾⤖ᯝ䜒
♧䛧䛯䚹䛣䛾ᅗ䛛䜙䚸MAS 䛾ᅇ㌿㏿ᗘ
䛜኱䛝䛟䛺䜛䜋䛹䚸䝇䝨䜽䝖䝹䛾⥺ᖜ䛜
ᑠ䛥䛟䛺䜛䛣䛸䛜ศ䛛䜛䚹䛣䜜䛿⌮ㄽ䛾
⠇䛷♧䛧䛯ᘧ (12)䛜ຠ䛔䛶䛔䜛䛣䛸䜢♧
䛧䛶䛔䜛䚹䛺䛚䚸ᅗ୰䛻䠆䛷♧䛧䛯䝇䝢
䝙䞁䜾䝃䜲䝗䝞䞁䝗䛿䚸MAS 䜢䛛䛡䛺䛔
ሙྜ䛾䝇䝨䜽䝖䝹䛾⥺ᖜ䜘䜚 MAS 䛾ᅇ
㌿࿘Ἴᩘ䛜ᑠ䛥䛔ሙྜ䛻⾲䜜䜛䚹䝃䜲
䝗䝞䞁䝗䛿ᅇ㌿࿘Ἴᩘ䛸ྠ䛨఩⨨䛻ฟ
⌧䛩䜛䛾䛷䚸7.5 kHz䛾 2ᮏ┠䛸 15 kHz
䛾䝃䜲䝗䝞䞁䝗䛾఩⨨䛜୍⮴䛧䛶
䛔䜛䚹䛣䛣䛷䚸MAS ㏿ᗘ 35 kHz 䛷
ほ 䛥䜜䛯 2 ᮏ䛾ಙྕ䛻䛴䛔䛶⪃
-40-2002040
35 kHz
15 kHz
7.5 kHz
0 kHz
Chemical Shift / ppm
⁐ᾮ
MAS㏿ᗘ
ᅗ 㻟㻌 䝡䝇䝣䜵䝜䞊䝹 㻭 ⤖ᬗ䛾 㻝㻴㻌㻹㻭㻿㻌㻺㻹㻾
䝇䝨䜽䝖䝹䛾 㻹㻭㻿 ᅇ㌿ᩘ౫Ꮡᛶ㻌
䠆䛿䝇䝢䝙䞁䜾䝃䜲䝗䝞䞁䝗䜢♧䛩㻌
ό
ό
ό
όᴾ
όᴾ
όᴾ
-1001020
Chemical Shift / ppm
(a)
(b)
ᅗ 㻠㻌 䝡䝇䝣䜵䝜䞊䝹 㻭 ⤖ᬗ䛾 㻝㻴㻌㻺㻹㻾
䝇䝨䜽䝖䝹㻌 㻔㼍㻕㻌㻯㻾㻭㻹㻼㻿 ἲ㻌 㻔㼎㻕㻹㻭㻿 ἲ㻌
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ᐹ䜢⾜䛖䚹⁐ᾮ䛾 1H NMR 䝇䝨䜽䝖䝹䛛䜙䚸0.6 ppm 䛾ಙྕ䛿䝯䝏䝹ᇶ䚸6.7 ppm
䛾ಙྕ䛿䚸䝧䞁䝊䞁⎔䛻⤖ྜ䛧䛯Ỉ⣲䛷䛒䜛䛸⪃䛘䜙䜜䜛䚹䛧䛛䛧䚸Ỉ⣲⤖ྜ䛻
ᐤ୚䛧䛶䛔䜛Ỉ㓟ᇶ䛾Ỉ⣲䛿ศ䛛䜙䛺䛛䛳䛯䚹䛺䛬䛺䜙䚸⁐፹䛻䜰䝉䝖䞁䜢⏝䛔
䛯ሙྜ䚸Ỉ㓟ᇶ䛾Ỉ⣲䛾ಙྕ䛿 8 ppm ௜㏆䛻ほ 䛥䜜䛯䛛䜙䛷䛒䜛䚹
㻌 ⌮ㄽ䛾⠇䛻グ䛧䛯䜘䛖䛻䚸MAS㏿ᗘ 35 kHz䛷䛿䚸⁐ᾮ୰䛾ศᏊ䛾䜘䛖䛻཮ᴟ
Ꮚ䠉཮ᴟᏊ┦஫స⏝䜢ษ䜛䛣䛸䛜䛷䛝䛺䛔䚹䛭䛣䛷䚸䝟䝹䝇䛾↷ᑕ䛻䜘䜚䚸཮ᴟ
Ꮚ䜢ᾘ䛩 CRAMPS ἲ䜢⏝䛔䛶䚸䝡䝇䝣䜵䝜䞊䝹 A ⤖ᬗ䛾 ᐃ䜢⾜䛳䛯䚹ᚓ䜙䜜
䛯⤖ᯝ䜢ᅗ 4 䛻♧䛩䚹䛺䛚䚸䛣䛾ᅗ䛻䛿⥺ᖜ䛾ẚ㍑䛾䛯䜑䛻䚸ᅗ 3 䛾 MAS ㏿
ᗘ 35 kHz 䛾䝇䝨䜽䝖䝹䜒㍕䛫䛯䚹CRAMPS ἲ䛾᪉䛜 MAS ἲ䜘䜚䜒⥺ᖜ䛜ᑠ䛥
䛛䛳䛯䛜䚸2ᮏ䛾ಙྕ䛧䛛ᚓ䜙䜜䛺䛛䛳䛯䚹㻌 䛣䛣䛷䚸୍ᗘ 1H᰾䛛䜙㞳䜜䚸13C᰾
䛾 ᐃ⤖ᯝ䜢ᅗ 5 䛻♧䛩䚹
ᅗ 5㻌 䝡䝇䝣䜵䝜䞊䝹 A 䛾 13C NMR 䝇䝨䜽䝖䝹
(a)⤖ᬗ䛾 CP/MAS NMR 䝇䝨䜽䝖䝹㻌 (b)䜰䝉䝖䞁⁐፹䜢⏝䛔䛯⁐ᾮ䛾䝇䝨䜽䝖䝹
13C᰾䛾 MAS㏿ᗘ䛿 12 kHz䛷䛒䜛䛜䚸1H᰾䜘䜚⥺ᖜ䛾ᑠ䛥䛔䝇䝨䜽䝖䝹䛜ᚓ䜙
䜜䛶䛔䜛䛣䛸䛜ศ䛛䜛䚹䜎䛯䚸᫂䜙䛛䛻䝢䞊䜽䛾ᩘ䛜⁐ᾮ䛾 13C NMR 䝇䝨䜽䝖䝹
䛷ᚓ䜙䜜䛯䜒䛾䜘䜚ከ䛔䚹Ⅳ⣲䛾ሙྜ䚸1H ᰾䛾䜘䛖䛻䝇䝢䞁䜹䝑䝥䝸䞁䜾䛛䜙䚸ಙ
ྕ䜢ᖐᒓ䛩䜛䛣䛸䛜䛷䛝䛺䛔䛾䛷䚸1H-13C HMQC  ᐃ䜢⾜䛔䚸Ⅳ⣲䛾ᖐᒓ䜢⾜
䛳䛯䚹1H-1H COSY 䛾⤖ᯝ䛸ే䛫䛶ᅗ 6 䛻♧䛩䚹COSY 䛾䝇䝨䜽䝖䝹䜢ぢ䜛䛸䚸
ᘧ (59)䛷♧䛧䛯䜘䛖䛻ᑐゅ䝢䞊䜽䛸䝧䞁䝊䞁⎔䛾 o఩䛸 m఩䛾Ỉ⣲䛾஺ᕪ䝢䞊䜽
䛜 6.8 ppm䛻ほ 䛥䜜䛶䛔䜛䚹COSY 䛸 HMQC䛾⤖ᯝ䛛䜙䚸ᅗ 5䛾 31, 115, 128 
ppm䛾ಙྕ䛿䛭䜜䛮䜜䝯䝏䝹ᇶ䚸Ỉ㓟ᇶ䛾 o఩䚸m఩䛾Ⅳ⣲䛷䛒䜛䛣䛸䛜䜟䛛䜛䚹
42, 143, 156 ppm䛾ಙྕ䛿 HMQC䛛䜙Ỉ⣲䛜⤖ྜ䛧䛶䛔䛺䛔Ⅳ⣲䛷䛒䜛䛾䛷䚸
䛭䜜䜙䜢ᖐᒓ䛩䜛䛯䜑䛻䚸㔞Ꮚ⛉Ꮫィ⟬䜢⾜䛳䛯䚹໬Ꮫ䝅䝣䝖್䜢ィ⟬䛩䜛㝿
䛿䚸䛷䛝䜛䛰䛡㧗౯䛺㛵ᩘ䛾᪉䛜䜘䛔䛾䛷䚸䛣䛣䛷䛿䚸」ᩘ䛾᪉ἲ䛸ᇶᗏ䜢⤌䜏
50100150
Chemical Shift / ppm
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ྜ䜟䛫䛶ィ⟬䜢⾜䛳䛯䚹⾲ 1 䛻䛿ヨ䜏䛯㛵ᩘ䛸ᚓ䜙䜜䛯໬Ꮫ䝅䝣䝖್䜢♧䛩䚹
䛺䛚䚸B3LYP/6-311+G(3df,3pd)䚸B3LYP/cc-pVTZ䚸MP2/6-31+G**䛺䛹䛾ィ
⟬䜒ヨ䜏䛯䛜䚸⏝䛔䛯䝁䞁䝢䝳䞊䝍䞊䛷䛿ィ⟬䛜ᅔ㞴䛷䛒䛳䛯䚹䛺䛚䚸⾲୰䛾
BPA869, BPA836, BPA797 䛿䚸䛭䜜䛮䜜ศᏊෆ䛾䝧䞁䝊䞁⎔䠉䝧䞁䝊䞁⎔ゅ
䛜 86.9, 83.6, 79.7°䛾䝡䝇䝣䜵䝜䞊䝹 A 䜢♧䛧䛶䛔䜛䚹
HMQC     COSY 
ᅗ 6 䝡䝇䝣䜵䝜䞊䝹 A 䛾 1H-13C HMQC 䛚䜘䜃 1H-1H COSY 䛾⤖ᯝ
⁐፹䛿䜰䝉䝖䞁
⾲ 1㻌 㔞Ꮚ⛉Ꮫィ⟬䛷ᚓ䜙䜜䛯໬Ꮫ䝅䝣䝖್
 B3LYP/6-311++G(d,p) B3LYP/6-31+G(3df,3pd) 
BPA869 BPA836 BPA797 BPA869 BPA836 BPA797 
C(1) 163.3㻌 163.3㻌  163.3㻌 153.4㻌 153.5㻌 154.1㻌
C(2) 118.4㻌 120.1㻌  118.4㻌 109.1㻌 106.1㻌 109.6㻌
C(3) 132.0㻌 132.7㻌  132.0㻌 121.9㻌 121.7㻌 120.4㻌
C(4) 152.5㻌 152.4㻌  152.5㻌 148.0㻌 150.0㻌 149.0㻌
C(5) 138.6㻌 138.0㻌  138.6㻌 126.8㻌 125.2㻌 130.0㻌
C(6) 119.5㻌 117.8㻌  119.5㻌 112.0㻌 115.7㻌 112.6㻌
C(7) 49.8㻌 49.6㻌  49.8㻌 45.8㻌 50.2㻌 46.6㻌
C(8) 33.8㻌 33.9㻌  33.8㻌 22.7㻌 㻌 22.7㻌 22.7㻌
H(1) 3.8㻌 3.7㻌  3.8㻌 5.7㻌 5.8㻌 6.2㻌
H(2) 6.9㻌 7.2㻌  6.9㻌 6.5㻌 6.5㻌 6.6㻌
H(3) 7.6㻌 7.6㻌  7.6㻌 7.8㻌 8.0㻌 7.7㻌
H(4) 6.9㻌 6.9㻌  6.9㻌 6.4㻌 6.6㻌 6.6㻌
H(5) 6.7㻌 6.5㻌  6.7㻌 6.4㻌 6.4㻌 6.4㻌
H(6) 1.6㻌 1.6㻌  1.6㻌 0.4㻌 0.6㻌 0.6㻌
横浜市立大学論叢自然科学系列　2012 : Vol.62 No.1・2
88
⾲ 1 䛾⤖ᯝ䛛䜙䚸42, 143, 156 ppm䛾ಙྕ䛿䚸䛭䜜䛮䜜 C(7), C(4), C(1)䛸ᖐᒓ
䛩䜛䛣䛸䛜䛷䛝䜛䚹⁐ᾮ䛾ಙྕ䛜ᖐᒓ䛷䛝䛯䛾䛷䚸ᅛయ 13C NMR 䝇䝨䜽䝖䝹䛻䛴
䛔䛶⪃ᐹ䜢⾜䛖䚹
㻌 ᅗ 5 䜢ぢ䜛䛸䚸42 ppm 䛻 1 ᮏ䛾ಙྕ䛜ほ 䛥䜜䛯䛜䚸䛭䛾௚䛾࿘Ἴᩘ䛷䛿 3
ᮏ䜒䛧䛟䛿 6ᮏ䛾䝢䞊䜽䛜ほ 䛥䜜䛶䛔䜛䚹䛣䜜䛿䚸⤖ᬗ୰䛻䝡䝇䝣䜵䝜䞊䝹 Aศ
Ꮚ䛜 3 ✀㢮Ꮡᅾ䛩䜛䛸䛔䛖஦ᐇ䛾ಸᩘ䛻䛺䛳䛶䛔䜛䚹⁐ᾮ୰䛾ศᏊ䛿
C(4)-C(7)⤖ྜ䛜䝣䝸䞊䝻䞊䝔䞊䝅䝵䞁䛷䛝䜛䛯䜑䚸C(2)䛸 C(6)䛾㟁Ꮚ≧ែ䛿༊
ู䛷䛝䛺䛔䚹䛧䛛䛧䚸⤖ᬗ୰䛷䛿 C(6)䛿ศᏊෆ䛾䜒䛖 1䛴䛾 C(6)䛸ྥ䛛䛔ྜ䛳䛶
䛔䜛䛜䚸C(2)䛿ศᏊ䛾እ᪉ྥ䛻఩⨨䛩䜛䚹䛭䛾䛯䜑䚸C(2)䛸 C(6)䛾㟁Ꮚ≧ែ䛜
␗䛺䜛䚹䛭䛾⤖ᯝ䚸1 ศᏊᙜ䛯䜚Ỉ㓟ᇶ䛾 o ఩䛿 2 ᮏ䛒䜚䚸䛭䜜䛜 3 ✀㢮䛾ศ
Ꮚ䛷䚸6 ᮏ䛸䛺䜛䚹ྠᵝ䛻 C(3)䛸 C(5)䜒␗䛺䜛䛾䛷䚸6 ᮏ䚹䜎䛯䚸䛣䜜䜙䛾Ⅳ⣲䛸
⤖ྜ䛧䛶䛔䜛 C(1)䛸 C(4)䜒ᙳ㡪䜢ཷ䛡䜛䛾䛷䚸3ᮏほ 䛥䜜䜛䛸⪃䛘䜙䜜䜛䚹2䛴
䛾䝯䝏䝹ᇶ䛾Ⅳ⣲䛿䚸C(3)䛛䜙ྠ㊥㞳䛻䛒䜛䛾䛷䚸3 ᮏほ 䛥䜜䜛䛸⪃䛘䜙䜜䜛
䛜䚸4 ᮏ௨ୖ䛾䝢䞊䜽䛜ほ 䛥䜜䛯䚹䝯䝏䝹ᇶ䛾Ⅳ⣲䛜 4 ᮏ௨ୖほ 䛥䜜䛯ཎ
ᅉ䛿ศᏊ㛫䛾┦஫స⏝䛺䛹䜒⪃䛘䜙䜜䜛䛜䚸௒ᅇ䛿᫂䜙䛛䛻䛷䛝䛺䛛䛳䛯䚹
C(7)䛻ᖐᒓ䛷䛝䜛ಙྕ䛿䚸໬Ꮫ䝅䝣䝖䛜㠀ᖖ䛻㏆䛔」ᩘ䛾䝢䞊䜽䛛䜙䛺䛳䛶䛔䜛䚹
䛣䜜䛿䚸C(7)䛿ᮏ᮶䚸䝧䞁䝊䞁⎔䛾㛫䛾ゅᗘ䛻౫Ꮡ䛧䛺䛔䛜䚸ୖグ䛾䜘䛖䛻䝧䞁
䝊䞁⎔䛾㟁Ꮚ≧ែ䛜 3✀㢮䛾ศᏊ䛷␗䛺䜛䛯䜑䚸䛭䛾ᙳ㡪䜢䜟䛪䛛䛺䛜䜙ཷ䛡
䛶䛔䜛䛸⪃䛘䜙䜜䜛䚹䛣䛣䛷䚸Ỉ㓟ᇶ䛾 o఩䛸 m఩䛷䛒䜛 C(2)䛸 C(6)䚸䛭䛧䛶 C(3)
䛸 C(5)䛻╔┠䛩䜛䛸䚸᫂䜙䛛䛻 C(3)䛸 C(5)䛻ᖐᒓ䛷䛝䜛 6 ᮏ䛾䝇䝨䜽䝖䝹䛜␗䛺
䛳䛯࿘Ἴᩘᕪ䜢ᣢ䛳䛶䛔䜛䚹C(3)䛸 C(5)䛾ᕪ䛿䚸ᅗ 5 䜘䜚䚸ᑡ䛺䛟䛸䜒 3.0 ppm 䛒
䜛䛜䚸C(2)䛸 C(6)䛾ᕪ䛿䚸᭱኱䛷 2.8 ppm 䛷䛒䜛䚹䛣䜜䛿䚸ྥ䛛䛔ྜ䛖䝧䞁䝊䞁
⎔䛻᭱䜒㏆䛔Ⅳ⣲䛜 C(5)䛷䛒䜛䛯䜑䚸C(3)䛸䛾ᕪ䛜኱䛝䛟䛺䛳䛯䛸⪃䛘䜛䛣䛸䛜
䛷䛝䜛䚹
㻌 䛣䛣䛷䚸1H᰾䛸 13C᰾䛾䝇䝨䜽䝖䝹䜢ẚ䜉䜛䛸䚸᫂䜙䛛䛻 13C᰾䛾⥺ᖜ䛾᪉䛜⊃
䛔䛣䛸䛜ศ䛛䜛䚹CP ἲ䛿䚸༢⣧䛻 13C ᰾䛾 ᐃຠ⋡䜢㧗䜑䜛䛰䛡䛷䚸⥺ᖜ䛻䛿
ᙳ㡪䛧䛺䛔䚹䜎䛯䚸12 kHz䛾 MAS㏿ᗘ䛷 ᐃ䜢⾜䛳䛯䛾䛿䚸ᅗ 3䛷ㄝ᫂䛧䛯䝇
䝢䝙䞁䜾䝃䜲䝗䝞䞁䝗䜢ほ ࿘Ἴᩘ䛾እ䛻䛚䛔䜔䜛䛯䜑䛷䛒䜛䚹13C ᰾䛾ሙྜ䚸
MAS ㏿ᗘ䛜 5 kHz 䛷䜒༑ศ䛻⥺ᖜ䛜ᑠ䛥䛔䝇䝨䜽䝖䝹䜢ᚓ䜛䛣䛸䛜䛷䛝䜛䚹䛣䛣
䛷䚸䛺䛬䚸1H ᰾䛾᪉䛿 MAS ㏿ᗘ䜢 35 kHz 䛻䛧䛶䜒⥺ᖜ䛜኱䛝䛔䛾䛛䜢⪃䛘䜛䚹
⥺ᖜ䛾⌮⏤䛸䛧䛶 2 䛴ᣲ䛢䜛䛣䛸䛜䛷䛝䜛䚹1 䛴䛿䚸☢Ẽᅇ㌿ẚ䛜 13C ᰾䛾 4 ಸ
䛒䜛䛸䛔䛖䛣䛸䚹䜒䛖 1䛴䛿䚸13C᰾䛾ኳ↛Ꮡᅾ⋡䛜 1 %䛷䛒䜛䛸䛔䛖䛣䛸䛷䛒䜛䚹ྠ
✀᰾㛫䛾཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䝝䝭䝹䝖䝙䜰䞁䛿䚸ᘧ (11)䛻♧䛧䛯䛸䛚䜚䚸
☢Ẽᅇ㌿ẚ Ȗ 䛾 2 ஌䛻ẚ౛䛧䚸᰾㛫㊥㞳 r 䛾 3 ஌䛻཯ẚ౛䛩䜛䚹䛴䜎䜚䚸௬䛻
13C 䛷䜶䞁䝸䝑䝏䛧䛯ヨᩱ䛾 ᐃ䜢⾜䛳䛶䜒䚸1H ᰾䛾 16 ศ䛾 1 䛾⥺ᖜ䛸䛺䜛䠄ᐇ
㝿䛻䛿 H-H 䛾໬Ꮫ⤖ྜ䛿ศᏊ୰䛻Ꮡᅾ䛧䛺䛔䛜䚸C-C ⤖ྜ䛿䛒䜛䛾䛷䚸㊥㞳
䛾㡯䛜ຠ䛝䚸䜒䛖ᑡ䛧⥺ᖜ䛿኱䛝䛟䛺䜛䠅䚹ḟ䛻䚸ኳ↛Ꮡᅾẚ䛷䛒䜛䛜䚸䛣䜜䛿䚸
13C᰾䠉13C᰾䛾㊥㞳䛻ᙳ㡪䛩䜛䚹ኳ↛Ꮡᅾẚ 1%䛾 13C᰾䛾ሙྜ䚸ྠ୍ศᏊ
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ᵆᵿᵇᴾ ᵆᶀᵇᴾ
ෆ䛻 13C ᰾䛜Ꮡᅾ䛩䜛☜⋡䛿ᴟ䜑䛶ప䛔䚹
䛴䜎䜚䚸r 䛿 13C ᰾㛫䛾㊥㞳䛺䛾䛷䚸1H ᰾㛫
㊥㞳䛻ẚ䜉⣙ 3䡚5 ಸ㛗䛔䛣䛸䛻䛺䜛䚹཮ᴟ
Ꮚ䠉཮ᴟᏊ┦஫స⏝䛿᰾㛫㊥㞳䛾 3 ஌䛻
཯ẚ౛䛩䜛䛾䛷䚸ኳ↛Ꮡᅾẚ䛜 1 %䛾 13C
NMR 䝇䝨䜽䝖䝹䛿 1H 䛻ẚ䜉㠀ᖖ䛻⊃䛔⥺
ᖜ䜢ᣢ䛴䛾䛷䛒䜛䚹䛥䛶䚸䛣䛣䛷䚸䜒䛧䚸1H ᰾
䛾Ꮡᅾ⋡䛜 13C᰾䛾䜘䛖䛻 1 %⛬ᗘ䛺䜙䚸䛹䛖
䛺䜛䛷䛒䜝䛖䛛䚹1H ᰾㛫㊥㞳 r 䛜 3䡚5 ಸ኱
䛝䛟䛺䜛䛾䛷䚸⥺ᖜ䛿 10 ศ䛾 1䡚20 ศ䛾 1
⛬ᗘ䛻䛺䜛䛣䛸䛜ᮇᚅ䛷䛝䜛䚹䛧䛛䛧䚸Ⅳ⣲䛾
ሙྜ䚸13C ᰾௨እ䛾 99%䛿᰾䝇䝢䞁 0 䛾 12C
䛜༨䜑䛶䛔䜛䛜䚸Ỉ⣲䛾ሙྜ䚸᰾䝇䝢䞁䛜 0
䛾ྠ఩య䛿䛺䛔䚹䛭䛣䛷䚸᰾䝇䝢䞁 1 䛾 2H 䜢
99 %⃰⦰䛧䛯䝡䝇䝣䜵䝜䞊䝹 A 䛾 1H MAS 
NMR  ᐃ䜢⾜䛔䚸⥺ᖜ䜢ẚ㍑䛧䛯䚹ヨᩱ⃰
ᗘ䛜 100 ศ䛾 1 䛻䛺䜛䛸ಙྕᙉᗘ䜒ᙅ䛟䛺䜛
䛜䚸ᖾ䛔䛺䛣䛸䛻 1H ᰾䛿኱䛝䛺☢Ẽ䝰䞊䝯䞁
䝖䛾䛚䛛䛢䛷䚸ಙྕᙉᗘ䛜኱䛝䛔䛾䛷䚸✚⟬
ᅇᩘ䜢㛗䜑䛻䛸䜛䛣䛸䛷䚸༑ศᙉ䛔ಙྕ䜢ᚓ
䜛䛣䛸䛜䛷䛝䛯䚹䛺䛚䚸1 %ヨᩱ䛾 ᐃ䜢⾜䛖㝿䛿䚸⦆࿴᫬㛫䛜㛗䛟䛺䜛䛣䛸䛜ண
᝿䛥䜜䜛䛾䛷䚸⧞䜚㏉䛧᫬㛫䜢 600 s 䛻タᐃ䛧䛯䚹ᚓ䜙䜜䛯⤖ᯝ䜢ᅗ 7 䛻♧䛩䚹
䛺䛚䚸ẚ㍑䛾䛯䜑䛻䚸ᅗ 3 䛻♧䛧䛯䝇䝨䜽䝖䝹䜒ే䛫䛶㍕䛫䛯䚹1H ᰾䛜 1 %䛾ヨ
ᩱ䜢⏝䛔䜛䛣䛸䛻䜘䜚䚸⥺ᖜ䛜ᑠ䛥䛟䛺䛳䛯䛣䛸䛜ᅗ 7䛛䜙᫂䜙䛛䛷䛒䜛䚹䛺䛚䚸13C
᰾䛻ẚ䜉䚸⥺ᖜ䛜ᗈ䛔䛾䛿䚸2H᰾䛾☢Ẽᅇ㌿ẚ Ȗ䛜 1H᰾䛾 15ศ䛾 1 䛾್䜢
ᣢ䛴䛛䜙䛷䛒䜛䚹䛥䜙䛻ศᏊ㛫䛾 1H ᰾㛫㊥㞳䜒Ⅳ⣲䛻ẚ䜉▷䛔䛾䛷䚸⥺ᖜ䛜
13C᰾䛾ሙྜ䜘䜚䜒኱䛝䛟䛺䛳䛯䛸⪃䛘䜙䜜䜛䚹䛺䛚䚸௒ᅇ䛾 ᐃ䛷䛿䚸2䝏䝱䞁䝛
䝹䛾䝥䝻䞊䝤䜢⏝䛔䛶䛔䜛䛾䛷䚸13C᰾䜢 ᐃ䛩䜛䛸䛝䛿䚸1H䛾᰾䝇䝢䞁䜢䝕䜹䝑
䝥䝹䛧䛶䛔䜛䛜䚸1H ᰾䜢 ᐃ䛩䜛䛸䛝䛿䚸2 䝏䝱䞁䝛䝹䛸䜒౑䛳䛶䛧䜎䛖䛯䜑䚸2H
᰾䜢䝕䜹䝑䝥䝹䛩䜛䛣䛸䛿䛷䛝䛺䛔䚹
ᴾ
ᴾ
ᴾ
ᅗ 8㻌 䝡䝇䝣䜵䝜䞊䝹 A 䛾 FSLG-HETCOR㻌 䝭䜻䝅䞁䜾䝍䜲䝮 (a)10ȝs㻌 (b)20ȝs
-1001020
Chemical Shift / ppm
(a)
(b)
(c)
ᅗ 㻣㻌 䝡䝇䝣䜵䝜䞊䝹 㻭 ⤖ᬗ䛾 㻝㻴㻌㻹㻭㻿㻌
㻺㻹㻾 䝇䝨䜽䝖䝹㻌 㻔㼍㻕㻹㻭㻿 ㏿ᗘ 㻟㻡㻌㼗㻴㼦㻌
㻔㼎㻕㻯㻾㻭㻹㻼㻿 ἲ㻌 㻔㼏㻕䡀㻝㻢 ヨᩱ㻔㻹㻭㻿 ㏿
ᗘ 㻟㻜㻌㼗㻴㼦㻕㻌
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䛥䛶䚸ᚓ䜙䜜䛯䝇䝨䜽䝖䝹䜢ぢ䜛䛸䚸0䡚1 ppm 䛻 3 ᮏ䛾ಙྕ䚸3 ppm ௜㏆䛻 1
ᮏ䚸7䡚8 ppm 䛻ᙉᗘ䛾␗䛺䜛 2 ᮏ䛾ಙྕ䛜ᚓ䜙䜜䛯䚹㔜Ỉ⣲⨨᥮య䛾ሙྜ䚸
ྛ఩⨨䛷㔜Ỉ⣲⨨᥮⋡䛜␗䛺䜛䛣䛸䛜⪃䛘䜙䜜䜛䛾䛷䚸ᙉᗘẚ䛛䜙ᖐᒓ䛩䜛䛣
䛸䛿༴㝤䛷䛒䜛䚹䛭䛣䛷䚸䛣䜜䜙䛾ಙྕ䜢ᖐᒓ䛩䜛䛯䜑䛻䚸FSLG-HETCOR  ᐃ
䜢⾜䛳䛯䚹ᚓ䜙䜜䛯⤖ᯝ䜢ᅗ 8 䛻♧䛩䚹FSLG-HETCOR ᐃ䛿䝭䜻䝅䞁䜾䝍䜲䝮
10 ȝs 䛸 20 ȝs䛷⾜䛳䛯䚹䝭䜻䝅䞁䜾䝍䜲䝮䛜㛗䛔䜋䛹㛗㊥㞳䛾䜹䝑䝥䝸䞁䜾䜢ほ 
䛷䛝䜛䛜䚸䜋䛸䜣䛹ኚ໬䛿ほ 䛥䜜䛺䛛䛳䛯䚹䛭䛣䛷䚸ゎᯒ⤖ᯝ䜢♧䛩䛯䜑䛻䝭䜻
䝅䞁䜾䝍䜲䝮 10 ȝs 䛾⤖ᯝ䜢ᅗ 9 䛻♧䛩䚹
ᅗ 8 䛸 9 䛛䜙䚸ᅗ
7c 䛷♧䛧䛯 0䡚1
ppm ௜㏆䛾 3 ᮏ䛾
ಙྕ䛿䚸䝯䝏䝹ᇶ䛾
Ỉ⣲䛷䛒䜛䛣䛸䛜ศ
䛛 䛳 䛯 䚹 䜎 䛯 䚸 3
ppm ௜㏆䛾ಙྕ䛻
ᑐᛂ䛩䜛஺ᕪ䝢䞊
䜽䛜ᅗ 8, 9䛻ぢ䜙䜜
䛺䛛䛳䛯䛣䛸䛛䜙䚸
Ỉ㓟ᇶ䛾Ỉ⣲䛸ᖐ
ᒓ䛩䜛䛣䛸䛜䛷䛝䜛䚹
FSLG-HETCOR 䛾
ሙྜ䚸⌮ㄽ䛾⠇䛷
♧䛧䛯䜘䛖䛻䚸⦪㍈
᪉ྥ䛿ィ⟬䛷⾲♧
䛧䛶䛔䜛䛯䜑䚸ᐇ㝿
䛾໬Ꮫ䝅䝣䝖䛾್䛸
␗䛺䜛䛣䛸䛜䛒䜛䚹
ᅗ 9b 䜢ぢ䜛䛸䚸3
ppm ௜㏆䛻஺ᕪ䝢
䞊䜽䛜䛒䜛䜘䛖䛻ぢ
䛘䜛䛜䚸௚䛾䝢䞊䜽
(32.5, 31.2, 29.7 
ppm)䛾஺ᕪ䝢䞊䜽
䛜-3䡚0 ppm 䛷䛒䜛䚹
䜎䛯䚸ᅗ 9b䛾䝢䞊䜽
䛾⦪㍈䛾್䛿 4 ᮏ
䛸䜒䛛䛺䜚᥋㏆䛧䛶
䛔䜛䚹䛣䜜䜙䛾⤖ᯝ
䜢⪃៖䛩䜛䛸䚸ᅗ 9b 䛾 2 ppm 䛾ಙྕ䛿䚸ᅗ 7 䛾 3 ppm 䛸䛿␗䛺䜛䝢䞊䜽䛸⪃䛘
ᅗ 㻥㻌 䝡䝇䝣䜵䝜䞊䝹 㻭 䛾 㻲㻿㻸㻳㻙㻴㻱㼀㻯㻻㻾 䛾ᣑ኱ᅗ㻌
㻔㼍㻕䝧䞁䝊䞁⎔䛾Ⅳ⣲㻌 㻔㼎㻕䝯䝏䝹ᇶ䛾Ⅳ⣲㻌
ᵆᵿᵇᴾ
ᵆᶀᵇᴾ
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䜙䜜䜛䚹䝡䝇䝣䜵䝜䞊䝹 A-d16 䜢✵Ẽ୰䛻䛚䛔䛯䛸䛣䜝䚸ᅗ 7 䛾 3 ppm ௜㏆䛾ಙ
ྕᙉᗘ䛜኱䛝䛟䛺䛳䛯䛾䛷䚸䛣䛾䝢䞊䜽䛿䚸Ỉ㓟ᇶ䛾䝢䞊䜽䛷䛒䜛䛸⪃䛘䜙䜜䜛䚹
䜎䛯䚸ᅗ 9a 䛛䜙䚸7䡚8 ppm 䛾 2 ᮏಙྕ䛿䚸䝧䞁䝊䞁⎔䛻⤖ྜ䛧䛯Ỉ⣲䛷䛒䜛䛣
䛸䜒ศ䛛䛳䛯䚹䛥䜙䛻䚸ᅗ 9a 䛛䜙䚸Ỉ㓟ᇶ䛾 o ఩䛾 H(2), H(5)䛸 m ఩䛾 H(3)Ỉ
⣲䛾䜿䝭䜹䝹䝅䝣䝖䛜䜋䛸䜣䛹༊ู䛷䛝䛺䛔䛣䛸䚸䛭䛧䛶䚸H(4)䛰䛡䛜኱䛝䛟䝅䝣䝖
䛩䜛䛣䛸䛜䚸FSLG-HETCOR ᐃ䛷᫂䜙䛛䛻䛺䛳䛯䚹䛴䜎䜚䚸ᅗ 7䛾 6䡚8 ppm䛾
ಙྕᙉᗘ䛿䚸䜋䜌ཎᏊᩘẚ䛻ẚ౛䛧䛶䛔䛯䛸⪃䛘䜛䛣䛸䛜䛷䛝䜛䚹䛭䛣䛷䚸䝡䝇䝣
䜵䝜䞊䝹 A-d16 䜢䜰䝉䝖䞁䛻⁐ゎ䛧䚸1H NMR 䝇䝨䜽䝖䝹䛾 ᐃ䜢⾜䛳䛯䚹ᚓ䜙䜜
䛯⤖ᯝ䜢ᅗ 10䛻♧䛩䚹䛺䛚䚸䛣䛾ᅗ䛻䛿䚸ẚ㍑䛾䛯䜑䛻㔜Ỉ⣲⨨᥮䛧䛶䛔䛺䛔
䝡䝇䝣䜵䝜䞊䝹 A 䛾 1H NMR 䝇䝨䜽䝖䝹䜒㍕䛫䛯䚹
㠃✚ẚ䜢ồ䜑䜛䛸䚸CH3 : o-H : m-H 䠙 1.6 : 2.0 : 2.0 䛷䛒䛳䛯䚹㔜Ỉ⣲⨨᥮䛧
䛶䛔䛺䛔ሙྜ䚸䝯䝏䝹ᇶ䛾㠃✚䛿 3䛻䛺䜛䛾䛷䚸ᅗ 7䛾䝯䝏䝹ᇶ䛻ᖐᒓ䛷䛝䜛ಙ
ྕᙉᗘ䛜ᑠ䛥䛔䛣䛸䛜ㄝ᫂䛷䛝䜛䚹䜎䛯䚸o ఩䛸 m ఩䛾ᙉᗘẚ䛜➼䛧䛔䛾䛷䚸
H(4)䛰䛡䛜㧗☢ሙഃ䛻ほ 䛥䜜䛯䛸䛔䛖䚸FSLG-HETCOR 䛾⤖ᯝ䛸୍⮴䛩䜛䚹
䜎䛯䚸6.7 䛸 7.1 ppm 䛾ಙྕ䛜㔜Ỉ⣲⨨᥮య䛷䝅䞁䜾䝺䝑䝖䛻䛺䛳䛶䛔䜛䛣䛸䜒㔜
Ỉ⣲⨨᥮⋡䛾኱䛝䛥䜢ಖド䛧䛶䛔䜛䚹
[⤖ㄒ ]㻌 ௒ᅇ䚸䝡䝇䝣䜵䝜䞊䝹 A 䜢⏝䛔䚸ᅛయ㧗ศゎ 1H NMR 䛻䛴䛔䛶㏙䜉䛶
䛝䛯䚹1H-1H 㛫䛾཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䜢ᑠ䛥䛟䛩䜛䛻䛿䚸ᘧ (11)䛾(i)䝝䞊
䝗䜴䜵䜰䛾ᢏ⾡䛷㧗㏿ MAS 䜢䛛䛡䚸 (1-3cos2ș)㡯䜢 0 䛻ᣢ䛳䛶⾜䛟᪉ἲ䚸
(ii)CRAMPSἲ䛾䜘䛖䛻䝟䝹䝇⣔ิ䛸䛔䛖䝋䝣䝖㠃䛷(3IziIzj䠉Ii䡡Ij)䜢 0䛻㏆䛵䛡䜛
᪉ἲ䚸(iii)ྠ఩య⨨᥮䛧䛯ヨᩱ䜢⏝䛔䛶 Ȗ 䛸 r-3䛾㡯䜢ᑠ䛥䛟䛩䜛᪉ἲ䛜䛒䜛䚹䝡
78
Chemical Shift / ppm
Bisphenol-A
Bisphenol-A-d14
TMS
012
Acetone
CH3o-H m-H
OH
ᅗ 㻝㻜㻌 䝡䝇䝣䜵䝜䞊䝹 㻭㻙㼐㻝㻠 䛸䝡䝇䝣䜵䝜䞊䝹 㻭 䛾 㻝㻴㻌㻺㻹㻾 䝇䝨䜽䝖䝹㻌
⁐፹䛿䜰䝉䝖䞁㻌
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䝇䝣䜵䝜䞊䝹 A 䛷䛿䚸(iii)䛾᪉ἲ䛜᭷ຠ䛷䚸3 ✀㢮䛾䝡䝇䝣䜵䝜䞊䝹 A 䜢༊ู䛩
䜛䛣䛸䛜䛷䛝䛯䚹䛧䛛䛧䚸䛣䛾᪉ἲ䛜䛩䜉䛶䛾ヨᩱ䛻㐺⏝䛷䛝䜛䜟䛡䛷䛿䛺䛔䚹䛭
䜜䛿䚸䛩䜉䛶䛾Ỉ⣲䜢㔜Ỉ⣲⨨᥮䛧䛯ヨᩱ䛜ᚲせ䛺䛾䛷䚸᫬㛫䜒ྵ䜑䛯䝁䝇䝖
䛾ၥ㢟䛜䛒䜛䚹䜎䛯䚸཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䛜ᑠ䛥䛟䛺䜛䛸䚸1H ᰾䛾⦆࿴᫬
㛫䛜㛗䛟䛺䜛䛾䛷䚸 ᐃ᫬㛫䛜㛗䛟䛺䜛䚹1H ᰾䛾㔞䛜ῶ䜛䛸䚸㏻ᖖ䜘䜚ከ䛟✚⟬
䛩䜛ᚲせ䛜䛒䜛䛯䜑䚸⦆࿴᫬㛫䛾ᙳ㡪䛿ᑠ䛥䛟䛺䛔䚹䜎䛯䚸CRAMPS 䛾ሙྜ䚸
ᘧ (32)䛷♧䛧䛯䜘䛖䛻䚸⌮ㄽୖ䚸཮ᴟᏊ䠉཮ᴟᏊ┦஫స⏝䜢 0䛻䛩䜛䛣䛸䛜䛷䛝
䜛䛜䚸ᐇ㝿䛾䝇䝨䜽䝖䝹䛿䚸㧗ศゎ⬟䛸䛿ゝ䛘䛺䛛䛳䛯䚹䛣䜜䛿䚸䝟䝹䝇ᖜ䛜᭷
㝈䛾኱䛝䛥䜢ᣢ䛴䛣䛸䜔䚸ṇ☜䛻䛩䜉䛶䛾☢໬䜢 90㼻ಽ䛩䛣䛸䛜㞴䛧䛔䛺䛹䚸
ᵝ䚻䛺せᅉ䛜㛵୚䛧䛶䛔䜛䛛䜙䛷䛒䜛䚹௒ᚋ䚸ᅛయ㧗ศゎ⬟ NMR 䝇䝨䜽䝖䝹䜢
ᚓ䜛䛻䛿䚸㉸㧗㏿ MAS  ᐃ䛺䛹䝝䞊䝗㠃䛾ᢏ⾡㛤Ⓨ䛸䛸䜒䛻䚸᪂䛧䛔䝟䝹䝇⣔
ิ䛾㛤Ⓨ䜔ྲྀ䜚㎸䜏䜒㔜せ䛸䛺䜛䚹䛭䛾䛯䜑䚸⌮ㄽ䛾⠇䛻グ䛧䛯ෆᐜ䜢῝䛟⌮
ゎ䛧䚸䝟䝹䝇ᖜ䛾ຠᯝ䛺䛹䚸⪃䛘䜙䜜䜛䛩䜉䛶䛾せᅉ䜢ᡴ䛱ᾘ䛩䝥䝻䜾䝷䝮䜢⏝
䛔䜛䛣䛸䛜௒ᚋ䛥䜙䛻ᚲせ䛻䛺䛳䛶䛔䛟䛷䛒䜝䛖䚹
[ㅰ㎡ ]㻌 CRAMPS  ᐃ䛸 FSLG-HETCOR  ᐃ䛿䚸䝤䝹䜹䞊䞉䝞䜲䜸䝇䝢䞁ᰴᘧ
఍♫䛾⏥㔝ᾈஅ༤ኈ䛻 ᐃ䛧䛶䛔䛯䛰䛔䛯䚹䜎䛯䚸ᶓᒣᬕᙪᩍᤵ䛸బ⸨ಙ⿱
ᩍᤵ䜢䛿䛨䜑䚸ከ䛟䛾᪉䚻䛛䜙䚸ᮏ◊✲௨እ䛷䜒᭷┈䛺䛤ຓゝ䜢ከ䛟㡬䛔䛯䚹䛣
䛾ሙ䜢೉䜚䛶ឤㅰ䜢⏦䛧ୖ䛢䛯䛔䚹
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